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inent iii,Scp(af H#ating mA 0»M^^m% pitied ti^ Am R^iiai^ and DtgVtlc^ 

Ermi^Otpifp the Los'Alanwi Sctertiinc iJLborkbpiy, ft U ^^s#4Dn a thor^glv 
a^iCtiriienl^^f the pre&nt status of sclar hefting^iir^ ^i^irig te#^ and 
preieiitgd with the oofifi^ii# chat the amei^i^g soliif eiif^^^^^ 
contlnueJc cofvduct a brcad^rani^ oC^R&D activiti^. This pl^ i^^rilm tffe 
Fidtfal K&D program plan for ictar heating am cooling f^lUding ihme 
actlvrities to be funded Iri who^e or frr piil by the Faderaf Goyemmeint, The 
prDgrim plan is compatible with^ but nibre detaitecl tharii that dMcribed in the 
N^tionMl Nan fof Sokr HeMng mdCooVrng, l%^htlA. It is Intended that this 
interim report be circulated widely foc^ review and ccmrr^t by ill those 
concerned vyith the R&D aspect & ^lar^eating and cooling. It is also planned 
that several gcoups, such as ASHRAE, ASME, and 5EIA, wili cpnduct formai 
reyieM^s of this plan and provide ERDA wvith their recamm^dations. Cbnirneiits 
received by March 1, T977vvill te consldweS in the piHI|^wkloft 
report of\ the Program Plan foR Research and Developnwnt in Solar Heating and 
Cool ingv^oninierits should ^ sent to; ^ , - 

Dr. Frederick H, MorM^ Chief 

Research and Devebpnienl Branch 

Division of Solar Energy 

Energy Research and ^yelopnnent Adrnirtis^ 

Washington, D.C. 20545 , 
As with most planning documehti, it is anticipated that this R&D program 
plan will be revised and improved as results frcni the current research, develcp^ 
ment^ and demonstration projects^ fcotfi Federally and privately ijupporttd, 
become ay ai la ble. Conriments received after March 1 will be considered for 
incorporation in future revisians of this plan. 
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iXfCUTIVE SWMMAiar 



lOiD PROCiUM PUN 



This fypon pf^^t^^ &D^^vmm ef Solar 
(DSi; progrim plmn tor nesairch cfev^op^ 
fmfit ill tKe ust ^ idar ^Mrgy fcK heating and cooh 
ing biJiMinp and for agricultur^ and induwiar proc^ 



tSI i! 



ions. 



The oi^ivt of the l^OK solar energy R&D 
gran) ii to pr^ldt the sotar m&rgf Indyitfy and othar 
ustfl with the mea'hf (jntornirflon, wi^pafwn^etcO 
to produce cost-effective solar in«y iymgii. The 
applicatipn of solar eneriy for heating and cooling 
involve, to'a signiflcant ejctint, conriponenb (such as 
heat pum^, air condltionirig rwchlnef, and controli) 
which are use^i in conventional HVAC fystemi. The 
relatively new and rapidl/ devtloplng solar energy 
industry Ii also producing raany of the required conr^ 
ponen^. The ERDA program builds on this tAhnol- 
and attempts to assiit tht solar energy induitry to 
deVeloprco^^^^te^ve con^onen^ and sys^ms more 



As part of tlte prepar^ticn of this program plan, 
meetings were held with repreientatives from indui- 
jlry/urtlvenlties, and the Ccvjrnmenl. The followini 
conclusionf were rtachect: 

• The major problem to be addressed is the 
development of coit'effective components 
and systems. 

• The state of thm art varies greatly for differeht 
componenti and applicationi, with solar 
cooling ttchnobiy Wng generally less de- 
veloped than that for solar htating. 

• Applications and climatic zones are so varied 
that careful analysis is necessary to determine 
the most coit-©ffectlve approiches, 

• Cost-effective retrofit systems are not well de- 
veloiP«d, and techniques for optimizing re- 
trofit design ane not readily available. 

Ai a result of these conclysioni, an ERDA-direded, 
applicati^ons-orientedR&D prograni ii being initiated. 
The plan for this difected progranri is the subject 
of the present report, Tht cvmnt R&D program is 
compor^nts-oriented; and, while that approach has 
made significant contributions to the present state of 
technology, it can bt strengthened by^The appMca- 



ticns ^ralegy. The difected proiram, th%n^ \€ a rantin- ' 
uation erf Me preieni pft^gain, l^t vwith a shift in 
empl^sis. ^ 

The main feaMre of tf)e dimted pri^ram i§ Ae 
f«us, on sevtnl approach^, called paths, to the 
applications of solar eneriy. TtfTiuch j^ths are ideiv 
tifled for buildinp aEV>licatloffti and tleyen for agri- 
cultural and industrial process appll^tlo As, A path is 
limply the linking of a niethod ^elie^'col lection pr 
nejection with a particylar application. 

The ten patk identifled in tte fieport for the solar 
heating and cooling of buildinp M as fdlowsf 

• Servi^ hot water (2j»ths): flat plate liquid- 
heat^g collectors and flat plate air-heating 
collectors. « 

• Space heating (4 pitlis): direct solar heating of 
s^ce or structure, sDlar-assisted heat purnp 
with various types of coUecton, flat plate air- 
heating coltectorii and flat plate liquid-heat- 
ing collectors. 

• Space cooling (4 paths): evaporative cooling, 
night sky radiation, or cool night air without 
aAltional eriergy conditioning equipment; 
concentrating coilectors with absorption or 
Ranklne vapor compr^sion chiller; advanced 
non-concentrating collators with absorption 
or Ranklne vap^r compreision chiller (operat- 
ing at moderate lennperatuniS); and flat plate 
collectors with desiccant machines for air 
conditioning or dehurTjidificatiori. 

The report lists the eliven paths for agricultural and 
industrial process applications but does not describe 
them in detail. 

Hie ten heating and cooling paths dl^er in charac- 
ter, Some require an emphaiiion materials develop 
mtnt, some on system analyiis, and somt on compo-^ 
nent devtlopment and toting. In order to move along 
ar^i^f the paths, specific tasks must be undertaken, 
whether In series or in parilleL Approximately 275 
tasks have ^n identified. They occur In five cate- 
gories: collector, storage and heat exchange, air 
conditioning and heat pumps, systems and controls, 
and non-enginetring aqptcts. Because most of the 
tasks occur on more than one path, the paths are 
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yillirft bMliciltd^ ^ a number assigned on a 0 
M^it^UrtinO fct lOMHoib stfalt. Hie tasks for each 
mt mmpHkmi ftnctitifial eaUfori^ and arranged 
, maiqWta^j^yhVMdt ptth a l^cil d^vdopmtnt 



AHTmal [^rtf reiinatni to bt mtd^ is^Acerrtirig tht 
;R&p prc^m plan. The pian'allk fi^both infofiTMl^ 
tiQrt disiemination and cdmpoMnt ctp^Qpfmrit 
; Sii ^ j ^ ^Pg^ed^ rop ^ m h a 4^nuatiw^ ihA^WMb nnl^tofic s ate ta d f c^ jw eadt^^» 
?n»y ^ the deitribtd In Aexpecttd that rwcpt^oflen^ and syitem infar- 



lfi& hi^bft atrt iiMdy undbr ^udy, either fully or m 
ymn. iim,^am tasks ivMI be InMatedas ff^ieated In 
the pbn. ^ 

The Ir^leifieritation of the dimmd pr^am wllf 
diAir from thaf for di^ pn^nt ^jMt^tBrri chMy In 
being based on conipetitive soNci^^ than 
on ynfolidted propf^ls, fodi^^, unlviiiitl^, imall 
busineists, and Government laboratories are ex- 
peOid to conttnue to peribmi RAO^tisks/ with p^j- 
tct iypporl coniing fronn rte IRDA laboratories. 

SInct the R&D pfogrann ii a part of ERDA'i total 
energy pBpfrim, it has nnany pornfe of impact on 
other ERDA pfogranns and organizations and on other 
federal agencies. Irnpleinentation of the RIfD pro- 
grarn is being coordrnated ^ith th^ appropriate 
groups^ wih special emphasis being plaotd on inte- 
gration with the residential and comrnercial demon- 
stration prograrii^ . * 

The ten solar heating and cooling paths for build- 
inp ipplicartoni vvlH bt cost effective If key problems 
can be solved. As technology ^advances and project 
Mylti are arfalyied, tht paths wflUbe given peri^ic 
evaluations and priorities will be adjusted. Milestone 



mation will be devetoped ^ft»u^out the duration of 
fte program. / ^ — 

R&D PRdCRAM REPORT 

The present report is divi^d in tfirte pami Plan, 
Paths^ and Tasks. TN repoit Is organiied to allow a 
reader to gain an overvievv oithe R&D pr^ram plan 
without forcing hini to become involved in all bf iu 
details. 

Part I of the report (the Executive Sumnriiry and 
Sections I and 11) gives the overview gf ^ program 
plan. The second part (Sections III and IV) dcscrib^ 
the ten paths to the lolar heatirig and cooling of 
buildinp and brMy discuss^ the agricultural and 
industrial proems ipplications. The third part (the 
appendices) preienti detailed inforraatlor^ on the 
tasks, ^pendisc A gjv^ flow diagrams for the heating 
and^ cooling tasks, and Appendix B includes bri^ 
Ascriptions of these tasks and of the norNenglneering 
tasks. Appendix C lists ^ehtiportance numbers for all 
of the solar heating and cooling engineering tasks, 
and Appendix D Indicates the' rmporfance of each 
non-engineering task to the overall R&D program. 
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Part I 




HslTRODUCnON 



optnifil ipfOii^nri plin for solarliMtiiig and cmling of 
iuildl^^|M;W isricyltumt amJ industnal pfonss 
ipfiH^liinft. "mt piin H %^ttin for them familiar 
- wAlUN basics ftf selar hsadng and coP^Vrig, and h 
descfibis in Al^ll.tfit fRDA salar htating and coot 
if^ R^[> plan, It provicfef tfit mary uiM of solar 
iNrlHimgy wfth an inilgH into Jiktly ^vanim Iri the 
e^ft^mms and f^tAni for lofar Heating and coot 
inf. 

In this plan^ it li reccgnizid that application of 
sohr eneffy for heating and cooling involvei, to a 
significipitdtgnie, enisling mmponmm, such as htit 
pumpt/ air eondftioning machine, controls, etc,, 
^ which makm yp t^i/s HVAC %y$\&m. Furthi^more, 
^ sinte tilt fdicivdy nevv and rapidly devtloping solar 
tnirgy industry^is produdng many of the key ^oreipo- 
npntt for solar entqa^iyfttms, tha plan builds on this 
ejciiting licil^l^ and. By supporting wbA dn a 
wfcb ra^gef of problmii; saeks to assist the solar 
enerfy iridu^ In develppirjg the cost-ifftctive com- 
poneno aiKi systanii that will be essential for tht 
wideipfead use of iclar mnmrgf for ^hr heating and 
cooling of buildings and for agricultural and indus- 
trial prcceists. 

<n adclltion to ERDA'i^solar tner^ activities, many 
effort are underway in other Fedefal agtnciti, indus- 
try, unive5ities, small busitess#s, and state and local 

. gpverrtfwnte. Together th«i solar energy activities 
cortiprise the natronal solar energy effort r Under tht 
ppBvisiinsof the f nergy Reorganiiation Act,' ERDA 
has th# ctntral responslljility for the F^teral Govern- 
menfs solar energy prpgram. The ERDA program, the 
lirgest'' and most hA^iyily funded activity of the solar 
enerfy effort, must give that effort iutetance, shape, 

^ and stifnulus, . ^ 

In orderto carry out its leadership role as mandated 
by the Solar Energy Act,^ ERDA hai prepared a Na- 



, ■ * .. ■ .-it 

tlonai Solar Energy RISfD Plan** tfit pHUtflV HMt of. 
tfili plan Is %6 wo^ with Induftry b 6svdq^i Ams^ ■ 
^at@^ and intti^tfce, at tfit MriM p^te^ 
e^nomicaUy compttitlvt ami ^jrbrfm^^Ily^ai^v 

hai pn^r^ pti^ram ^ans tiir m wp^iaif4oA of 
solar ene^ to me^ tht tfftitnal m&d^ ch bulldinp 
and* for agHculturtI and IndtiMriai ptoce^ IB^DA 
7M and ERDA 7648 mpictMy)«« ^ pmOTt 
pr^ram plan gives dttalh w activitlts tfiat 
only generally o^linM In tfie ^htr two doeumtnts. 



SOLAR HATING AND COOUMG 
PROaRAM 

The major element of the iRPA^olar Heating and 
^^^^jii^ Pmgram jft; : . . • 1 

• Reitarch and devf lopNmant^ f* 

• Pevelopment in support of building dennon- 

itrationi, ' , ; 

• Residential building danionftritlons. 

• Commercial building dtmon^rations. 

• Agricultural and industrial prMess dernon^ 

stratidns. 

The MD prop'dm will pfovldt advapced comp^ 
nenb and systems that will f^ult in Improved perfor^ 
mance and lower costs. The development, in support 
of building demonstrationi will provide the services 
necessary to bring the^ advanced componerits and 
systems to the markeK The three demonstration pr^ 
grams will indicate ways for availible technojogy to 
be used to meet the thermal nequiremenb of buildings 
and of agricultural and industrial pr^^s^. 



■ Intfgy giei^nlaition Act of 1974, P.L. 93^38, Oct^r 11, 
1974, 

* Selir inefgy Rticarch; Devebprnent and Dtmonstration Act of 
1974, ?X. Optobir 26, 1974, 



Wan, Octobw^ 19FI, 

* ERDA NafioHi/ Pn^mm for Solir Hmting and Cooling, 
Rmidenml snd Commercii/ ^^f^kMiions, fRDA (DSf), OcMer 
1 9Fi, ERDA 7hM, ProgrMm Dmefipdon,, So/ir irmsy for AgnoJly 
tur% and indmtfUl Proems Hm, {RDA(0S€), June liTfi, 



The ovtrjll ob)p€ti¥€'of the sola r heltlng and cool- 
'f^g pf^rarr) is to stlrnulali thi developrttnt of an. 
induitrl^L Commercial, and protesijanal capability 
for ^oducing Jnd di&lribMing various sclar entrgy 
systems, thtis reducing the dimand on fossil fuel 
supplies, 

* TECHWOiaCr STATUS . 

As p^ft of the prepiratfbn of this R&D progfarn 
plan, lewalrri^eti figs ^ei^h&ld vvith reprtsenlatives 
fforT industry, iJniverenits^ and Gcvernmcnt labora- 
|Drj€S and agenciesn Jhe objectives of these m^tings 
Were to: , ^ 

• Ak&%% the present 5tate of the art= 

• Identify major problerni limiting improved 
performance and/or reduced cM% ^ 

• Recofnmencl short- and long-term D t^sk& 
to solve these problems. 

In these meetings and m oth&r dncusMon^, the 
status pf the nation jl solar energy effort vy^s defined 
The follovving points became clear: 

• The niajcr problem to ^ddit^^^d h lusi 
effect iveress^ 

• Ttie state of the art varieb greatly fur cJitrei ent 
components and applicdtionb ho\d\ cuoling 
technology H generally feb^ d^velcjptrd than 
that for ^laf healing 

termi ne the most Cu^t effect i vt appr^dt, i^e^ 

• Cobt- ^ffe<-tiv* ftjtfytl t ^y^ttri dr < i!c4 w% ell tJi 

vdop^d^ nor are teci«nic|Ue^ lecpdily uv^ilaWt. 
tc.J fdc-llll^te cipt! r iiii^liuf 1 of itftr^jfit desl^fi 

nian'v problenis thdt mLi^t solved befoie the? tp<h^ 
nolc>gy c^n tTe biKnitiidnlly aJv^hi ^.i 

DIKECl fcL> Kai> n AN 

tions to tHe pffse'ii state oi te^hr^.ilagy, whl tuitfuf 
^tf^n i^th^ned by ihc lull latk^n i>l j ti'tLt^U-ij (d|^>^iU a 
tioos-orienteci) k AD prograrii ■ T'lt spectfic objectfVfe 

industry dnd athtf list: r^ v^i(ri tlitr iriefal b (* t*iM|.^> 

the Stjpefir* Wnd^nt l/o<ur'fc I S (i, ^ f n i *€.,{ ^fi i Inj CM 

fice, V^aihi rigtofi U C iCMl 



n%n% irifofmationh etc.) to develop cost-effective lo^ 
lar heating in*J cooling systems. Thii directed R&D 
pla n defines prom ising appro^chtfi to achieving this 
Qbj€ctivrand.cutMne# a syiternatic progfam for pro- 
viding materia li, comporientg, and systems design^ 
to establish the cost erfectivenBs ofMch approach ai 
rapidly as possible- 

The directed RS^D plan dewibid in this mpcn Is 
one of the riew initiatives of the ERDA sclar healing 
and coolini program. The other initiatives a fe; 

• A direct marlcet stimLjIug to aid I n creati ng j 
large enoug^rnirket to ensune increasing par- 
ticipati«3n by it^uitry. This stimLjIui ii repre-, 
Sented by a major s^lar service' hot water 
initiative in both the public and private sec- 
tors Jinl^ed to retrofit applications in commer- 
cial and residential buildifigs. 

• A direct niJnufactiiring stimijlus, with pcisi- 
ble approaches rdngifg frorri guarartees tc> 
the design or ccnstrucrtion of pilot prodyctiori 
faci titles as incentives for the prcductior of 
solar energ'y systems, 

ilKUCTUREOf THE R&D Pi^OGRA.M 

TMs R&D program i$ based on the development of 
sf^cific approaches, called p^ths^ to particular selar 
energy applications Figure Ut gives tvvo e)camples of 
pdtNs tu soMrhcatirg and tooling and several eK^rn- 
pies of building appjicaiions. From left tc Hghi^ this 
diagfdrTi identifies: 

• Ifftf energy hjuk^c ui ^iiik 

, ^tf, links d I itelMud of ^\\at t ulleClic^i! |w 

i Jill wiih an d^jpfic ^itio^i 

1 f !t progi .iin pidi I i,all^ f*,i Ji rfcj tfiit pdiU.u, iU^ 
. .iili^-diicifi e^f bt^Uf inerg^/ f^r tl,^ full^wjfig ^j^.ec ifii 
t^uilcJifig a^>plic^llui lb; 

t. /lil^i d ! i fiLi n I: f 5 .1 I s , .1! 

li. S* ifte llllli .dH ki. 4.jl 5 (Ui , ,, ,! V^jil^ .A 

i li j k ifii dj^l l^.ulti'ifal a/ici in J 5l il il pi apjjil 
• Ul) I. 'Ii J 
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t? U'si ^ i l»LJi vviie^f pfotf ) 

lipae^hiating ^ra s^fvieehst ^ittr ilia Wovidtd) 

Fi«u«i n ^ 



• Hot mw- 2 paths. 

• Steam; 2pafhs. 

• Cool ing: 2 path*, 

_^Each pth has a single objective; to develop the 
ccst-€ffective technology to achiev* the s^cif ic pJth 
appii cati on as quick ly a s possibli Paths fo^ ih* solar 
.hcitiri|a^nd coohng ofbuildingim^y scimelifneileid 
lo fnoe thin one a ppli cation. Space healing paths, 
foMnstarce, generally involve hot water heating as 
well; anci space cooling genefally involves space 
heating and hot wafer Nating. Agricullural a nd in- 
dustrial process appi icat ions generally do nor Involve 
combina<iort#of paths. 

The t^r buildi ng path 5 are' lifted in Table U IThe 
designation &yrri bo! s are as follows: 

• Shelter heating; H 

• L^rying^ Lj_ 

• Cc)oli rg. ( 

ar^listed inrdblel Z Thieve Mat h^ v^til dtsi^f^di^d 
by two l^tlerb to ili>t lif^tibKi iht^u) t fijfi i tfief im riH 

• 1 4 Milii ij. 

du^ly ^^^iij .cJltie^h i <t'f[.^^.ji, i. i , ^ , iii, pJ 
lei III 5^.(1^^ . ij f 

mately 27^ lasks hav* t>^H'f idt- nLfMn) ^^luJ ^fou[>t-il 

f lie? fl vv d .^t J li, I ti>v\ 

• . . ■ 

• ^ ' 111 • . .. 

• , ^ M i , . 

• hi ^ '1 L; I 1 1 » Vt . ^ , >| f 

.A k ,» J '1' - . U 

. ' Jtt lie 1,.^ 1 , ^ a t 

f.lii^fd. /I 1. > !c. . Kiln It^ lldt- , il It; t| 

• ri (It-* ^<tl!*^ af = J tHjh i .^ t*: f I )!(,!. : () 

Jdi/rHifrt J tdik?? iie > u ''lu ,ur, h.^t^s^^ju > \h\ ; . 



ious paths. The ImpCTrtintfe of eJch tisk to i giv&n 
path ha^ been designated fcy assigning a nurnber on a 
0(Ljnirnipor1ant)to 10 (critical) icJie/ 

rhe tmki pertai ningio tfacfi path were grouped i n 
functional calegoriei and arranged in sequence. This 
jllo^vi the pat^ to develop in a (ogic-al rnanrer. 

Th\% R&D program plan concentrates on applica- 
tion^o^soJir «n#f|y to relief the th^rrrtil rieds c^f 
buildings. The paths for th^agficultur^l and j ndustrial 
prociis applicjitions a re identified, but tSf only tasks 
diicijsied ir detail are th(>Si relating to the building 
^ppfication6. Results from the buildingtasks ^ill aisc? 
frequently -apply to'tfre agrioliurpl and industfiai 
process tisks. It is genera lly agreed, however,^ that 
add i tional agricultural and industrial talks will even- 
tually riece&iary, becaiye of th e u nique r*atu re of 
t he protfeis paths involved. Identify ing these ^ new 
t^sks can begin when ihe projects and ly stern design 
b^tudiei c?n vvhich thiey vvlH be h^sedareco nip feted. 

^mucTURE of rm r&d pian 

Wth H&D progrdm pidri LObi^lb ciM ifiree fiMjuf 
^_^artb I hpe ti part (th^ Ex^cuti vg Suinrnary a nd Sec 
tiijitb land II) giv^-b d II uvtrv lew uf*^(h^ pj^n The 
5^iui ly pan (bt^cticjib III d nd IV) de^<jibt?b the kn 
pJth^ju Kil^f heating and moling of buildings ^nd 
the t? levfe^n path5 far ricufTlral dnd iridusirj^l prui_ 
ea^sE-s ^htf t^n building^b pa ths dre deb<rib^d m St( 
ti^Jii ill v^ffeifel^it f ullc^Viin^ M i /uf r I idtl^>M iisgivtii k^i 

* 1 I't I ^ Mi dit^y 

• f fiC I lllll f i f. S . . 

t i E r y . pi!i>M f ilu 

I 

" t I , .11. ^ ^ ,.. . L • ^ i . i . t .1 .1 

-""-^ n ^M^tJ'Liihj i!-ik giL#*!|>. 1^ > ij\ it it, 

^I^t* lie Ui tiJli l^ik hifcJuJihH ifje U4^(i 

t^ri 8inciefi«'g Ubk^ VVh^^ft ^dpp#>,pf iale . the inipor 

IJ! uf liu bill lili, [^sk t^Mhe Hi \ hich !( 

Mil li liiU.tjlt-^d A,,^^^M M ^ ( lilslfi- li i lldi i , t' 

lu j iiil. C .5 ^ t*( * l| t j Ml. fl ^ tl .15 «*i,J ^Hj- illi^ ^"H' 

'It- i-i'i i 1 E , an ^-j fitJ/A L) ^Iv^^i [b d: Ir t ipi> Kai i 

ii ' tl I yhi^^Ml rig t^skb to t Jie CI dll H&L^|iri> 
^1 ^5^.>ie\ \uxi:^\] i iule<J if. t tiddh 1 «.^iia I U ^ks f u.t tr^ 

Mi ) I ^ J«:»e1up a^/ lujICii'dl jHiJ It idu^Ulu I (iiUi^Si 
M^t^. J£ f!u( dt, ^fit^d fiMfi'jpia.t 



P^TtiOI^R Iff IONS FOPHfAtlMQ 



Hot 



Heating 



S pac e 
Cool ing ♦ 



QISIGMATIOIN 



m 



Hi 

H3 

Gi 




Liquid- Hedtin^ Cclleciofi 



Mr- HeatlfifiCfilleCt&fi 



Direct Sol#r Heating of Spi^i orSlruCturi^ 
^i^'HiptiriflCcljec;ofs , 
Liquid- He^tiiif Cflllectofs 



\ 

I 

i 

I 



Concari irating CoHectort with ^bsfirplionor 
PankiiitfC-yoleClilller 

^bsiorptiori or Rankin Cycle Ch|l Mr 
Fiit PiatiCollictfirs VfitfiD«si^ritCliill«r 

Evaporative and Night€ ffedtC^oiing 
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TABLE 1 2 

PATH DiSCRIPTIOWS FOB ACHICULTURAL 
AND liyDUStR|4L>R0aE^i§ 



APPLKrAtlON 


DISiaNAriON 


pAth discription 


Shelter Heating 


HD 
HA 


Direct Shi Iter and Greenhousi Heating 
Alr-Htating Cbllictor 




HL 


Liquld-Hiiting Collictor 


Drying 


PA 


A ir- Heating Coljictor 


• 


OL 


Liquid-Hiitlng Collictor. H^t txchingir 


Hot iVItir 




l¥ittr-Hiiting Collector 




WA 


Air-HeitingColleetor, Hiit Exehangir 


Stiani 

(10O«C - 200»C) 


u 


Adyincid Liquid'Heating Collictor 
Advanced Air-Heating Collector 


Cooling 


cu 


hmm Cooling 




CM 


Collector y\/ith a Heat Engini 



V 
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li TABLE 



MAJOR CLARIFICATION 



IL Thermal Energy Storage and 4 
Heat Transfer 



III. Solar Air Cundltlunliiy 

and Heat Pumps 



Solaf Heating and Coolinj 



^SUS^L^^IPICATIOM 




J. 



SystifT! Studies Rtlated to ColliCtDn 
Theory and Bllie Phenorneni 
Solar Ciquid^Heatrng CDlltctors 
Sjlir Aif'Heating Collectors 
Advir^ Nsn-Cono^ntriting Collecteri 

a) EvacLiited Tubt C^lltctors 

b) HistPlptf 

c) HDfitvcofnbi 
d| Otfiers 

Coroentr§1ors » 
Refltctors for Flit Plate Collector Augrntniition 
Naieriali 

a) Selective Suf^adii 

b) Glazing ^ ' 
'c| Glazing Surf sc»^Coatingi 

dL S@alanti 
#i Coolanti 

f) Insulaticn 

g) Non^fletillic FHrns 

Tefti ind Standards v 



A Syitem StudiH related to Storige 

gr:^ Piping, Ouicting^ Hiat E stchanpri 

C . Wate/Tink Storagi 

0 Rock Bed StOfage 

E Phase Change^Storage = 

F Chifniffal Storage 

G Teit^ and StandlrdI 



A 
B 

C 
0 
E. 
F , 
G 



c 

D 
E 

A 
B 

C 
□ 
E 
F 
G 



System Studies filat^d to Air Conditign ing, Heat Pumps 
Absofptio^i Chilian \ 
Rankine Cycle Vapor Compr€si4^n Chiiier^ . 
EvipgratWe and Mjghl-Elfect Chillers 
Deuccani Chilien , 
OtherChillirj ^ \ ^ 

Heat-Purripi 



ifi Ityfited Active Sglaf Sysjenia 

System Deiign W^lhods t 

Ct^ntryllers, ValVf and Atiwia||^r L.uMi^#yneti tS 

Insirtjrrieritaliori and Data Acquiiitibn 

Pasii vt ancl Hybrid Solar Systems 

Syiiern Studies , 



Eciunor^tu and Finiricial Analysis 
Con^umef Attitudil andBihavioi 
M^rkei ing, Architecture, af^d CanilrUtiiun 
Energy Utilities ^ 

Leydi Regulatory ^ and legiiUnve Consitleiaitu* u 

E ducat iOr=i and Tfaininy 

Social and E nvifonrnantil Ci^iiside'atiurij 



With tfie neport ^ganiitd In thii wAy, the rmnd^r 
can gain in oveffv^^ of tfie |^an Without Mceisarily 
hmofhing invtDlwid in to ddCails. Detatbd infornna'- 
^ Won on tailaandwki€quen€9i/hp^v€r, i^^iiJi' 
bic in the appi^ices, 

IMP|.EMENTATION 

As pftvi©usly fMntionad, the pi^ent comporttnts- 
cri t fKe^ lifcP^ program, wMdi Ms rfiade siii^ifkmt 
CDDtrit^tioni to th€ pr^nt state of ttchnol^y, w\\\ 
be r^plaeed by in applicitiDns-oriented R&D pr^ 
gram. While presfi#t RIf D prograni, ^scrftied in 
IKOA 76-6* WIS based on un^licted propoiali, tbii 
dirtcted R|fD plan wWi be basedion public icli cita- 
tions, such as tb# Reqiiest for Proposal (RFP) or the 
Program Research and Devebpmtrit Anncuncernefit 
<PRDA). Th€ involvement of industryv univeriities, 
small busines§€s, and Govern rnent oi^nizitiory in 
f)effornnirig the RScO tasks is expected to continue, * 
with project support coming frann the rational lal^ra^ 
tor iff. p 

Ttiis R^D plan first identifies varicus paths to majcr 
folar heating and cooling applications and then iden^ 
tifies tasks that nfiust be completed for each path to be 
cost effective. Since the research and development 
pFOgram isa part of ERDA'soverall energy prografn/it 
has numerous points of contact with ^hcr EROA 
organizations ar>d with other Federal agencies. The 
implemntation of this R&D prograi^ vvill be coordi- 
nated with all ippropriate groups. E^caniples of this 
coordination includf the foil owing: 



« All uski rtlating to lolar radiation will be the 
resporiiibility the Environitiental and Re- 
sourct Studies Branch of DSE. ; 

• Some of (he tNrf^al ene^ storigf tasks may 
become the responsibility of the Thermal En- 
erli^ Storage Branch thepivlslon of Conser- 
vation, Som tiiki may K^jo^ntly supportid 
by th^ Research and C^vtlopnnent Branch 
and the Thennii Ciiergy Stcirage Branchy ifitf 
othtr talks will bt the r^ponsibtllty of the 
Research and Devalopniirit Branch. 

• The non-engineefing tasks will require rnore 
cMrdination than the engin^ring tasks^ be- 
cauifi m^ny of th^ tasks are^ least partially 
Included in the commercial buildings dernori- 
stration prografn and the agricult^^l and in- 
dustrial pTKiA dtmonMrations. They ther^ 
forejnvolve other Fe^ral agencies^ such ^ 
HUD, K/^A, f^BS, GSi^, DOD, and USCA 

' The Barri^ and Incentives Branch of DSE 
will ger^raNy be responsible for thenon-engi- 
' .neering ^asks de^ribed in this plan. 

fisks plaining only to the demonitraticm pro- 
gram are nrt included in tttfs RSfO plan. Many tasks, 
however, are the common responsibility of the R&O 
and deffionstration prc^rams. In these instances, ad- 
^^tige will be taken of available ^ryi6e§-esMbllshed 
isfWriDf the demonitration program, with additional 
activities support^ «ily as needed to meet the spe^ 
cial needs of the R^D program. 



SECTION II 



PROGRAM OBJECTIVI AND IMPHASIS 



OBIECTIVE 

The objective of the solar heating and cooling 
rts^rch and developfnent progrann is to assist in 
c?ieafliig a viablt solar induitry. The research and 
development progfam is dtsigned to achieve this goal 
by lowering costs and improving the efficiency of 
solar energy components and systemi. The specific 
objective of the directed R&D progrann Is to provide 
the enfierging solar energy indultry and other users 
with the materials, cornpcnerits, and information 
needed for cost-effective solar heating and cooling 
systems. > ^ 



EMPHASIS f 

The R^D plan ern^hftizes the foUovying program 
elements; 

• Material; characieri-^atiori and development. 

• Components; developnnenf of Lomponents, 
including their theory of operation, mathe^ 
matical modeling, perforrnance testing, and 
System gpmpilibi iiry. 

^ • Systems: identificdt^un uf tht: pr edit ted and 
actual performance of solar heading and cooU 
ing systems for varying cHrnates, building 
types, competing energy type^, and systeni 
configuraiions 

• information, disbeii Mfidtujn tji rtf^ulis cjt dll 
R^D projeciS/with special aiterition to sybl^rn 
test results As muLh information a^ possible 
will be put inttj handbwk form. 

The R&D program plan is directed at ^huft ttH4i 
objectives and designed to provide rTiaximurii sup^rt 
to the developing solar energy induslry Resedrch and 
development related to long t^/rn objecnvtfs will con- 
tinue concurrently Thus, basij or applied rtfsedrch 
on new surfaces for^olar coHef^l®n or new thernuj 
dynamic cycles for cooling will confinue to be sup 
ported within the broader R&D prugrarn. 

The direct^ U prugram will the ne^u^ .^f ^ 



developirTg solar heating and cooling industry by ac- 
complishing the following: 

Supporting the development of components 
having i reproved perfoffnanct and/or lower 

cost- ' / 

• Condutting tesis of syitemi with advanced 
cornponenti to provide the full range of data 
essential to the devtfcpnient of new solar 
heating and cooling lystenris, 

• Providing data, inforniation, and computing 
techniques that the potential users of solar 
energy may require in order to deter/^inf 
costs and benefits. j/ 

• Evalupting various tcoromjc, environmental; 
social institutional, and legal factors vyhich 
could influence the nnanner in which solar 
therrTia I energy is used. 

In general it is recommended that prc^uct develop- 
ment be carried out by the industry that will eventu- 
ally market the product. This work wi II* be supported 
by the RltD program where it is deiirable to obtain 1 
prototype or pre-prototype for testing. Furthermore, 
the R&D program will concentrate on providrng the 
technology and inforrnation reqijired, so that the In- 
dustry can develop as quickly and effectively as pos- 
sible. 

The R^D program will have several major areas of 
ernpha&li. These are discussed in the following para- 
graphs 



r^^i^rials Characterizatbn and 
Development 

It 1*5 uften nece^sdry tci J^tfcfrTiine the materidb that 
aie necessary for solar^eating and cooling compo- 
n*?nts if thorf cofTiponents are to function properly. 
The demands placed on materials Ire often stringent, 
rhey usually Include long service life, low initial cost, 
usefulness in a particular environment (such as a 
home Of factory), compatibility within a system, and 



availability. Materials requirements often present 
complex problems. For instance, the current choice 
of a liquid CDolanl is a mixture of ethylene or propyl- 
ent glycol and water. This mixture, however, forms 
glycolic acids at temperatures that occur in normal 
collector operation; and these acids can cause system 
corrosion and breakdown, 

- The cost of the R&D necessary to impfove tompo- 
ffieiit mat€riati ^nerally cannot be borne by any 

single manufacturer of components or systerns, and it 
seems essential that the Federal program support the 
necessary research and development and prepare in- 
formation on characteristics and requirements for ma- 
terials, ^ 

Development of Components 

In order to properly evaluate the patential of a 4 
particular solar heating system component or confi^ 
uralion, H ib necessary to characterue the j:^rtt>r 
mance of that component or system ma them at ic ally 
Such matheniatKdl mtjdels must account txjth for rht^ 
steady stdte npt^raiKlf) ot t components and fc)r ttieir 
dynannt, or transient pertuffTidru e The nuxiels n\u^\ 
be devtlop^d where they do not iurreriily t^wsi dfui 
niCJSt b^cdlibftit^ by t umptif iH>!i w ilfi Hlcddv ^idlt^ 
and tran??lerit leMs rTidde on prcjlt/typf s The enlirtj 
Operation of a systenn nnust then be vahddied to con 

firm thai the 'lujdel *.urre<.ll> tJe^tfitit'^ t or np4„*r>eiil 

inter act ion ^ 

ifkjdelfng cie^ifibed db^jVe v\tu n l\ c'\ piJii d ftrvt 
product lifie The job of validating ifie iCH^dti how 
ever IS ijtten bevund iht mean^ of any single iiianu 
tdL^j'tfi, arid ds d fesijlt [his At.p ULiJjIly uiriltlcd 
or fj^itui ftitd iii ji! abb* ev ijteti faTiU^n 1 ^^l^ ta/! 
result in <=ufM,M>i.c'nl _. that are in^ppr opr icite fi.>^ the 
-^V^te fi!^ U_>f whit ft \\it:\ were tie -l^^^st'cl Mjfiuf.it Is ^vtS 
Cif^bMJfptlufi chillers fui huttinte art i^tlc^n ta»tfilUif 

vvith (he steady state modeling of units t)ui 

tintdfnihdr with (heir lidri^ient 1 1 itMlch i ij^ betdijst^ 
trafiSlt^Oi riu_Kielh«g l^ uflen r.v tes'^aiv fo* Ci)rivtMi 
tUjficil up<^rsalu>i\ I hu= trun^ienf t hjr leri/utluri tjo 

CUfUt*5 Ifnp4.jltai l( tfKJ.,gh VAht'i. ifie thlHtlM \s h.. Ut 

ptifdtetj \r\ dk stiljt Mtjdt <.uh-n Ht>n fii be»a*.--< ih^ 

input Itrfi i^jc: ijliH V iii hic ^tfiffjUif ' > lUih d ASiiMi 
rna^ iKjt btf cuii5tiiM \Ue [tdti^lft t t e-lidviu. -^t the 
cfillleri difd ft-3 intUie? . r ot, tMCf jH ^^Irttt up. rdiliin 

td^, tufefl^ llijy al^t* fitjl i ii ! tie i ^1 J i itJ if t^^>t:!j(k,M i^it 4II 

to dft . fl d c:l t tM i !p If = t: > :^ U * ! ' l "t U M J I ' i ' j i U 1 J I i 1 1 J ( i » H ! 



and cooling systems for varying system configura- 
tions, ctiniatis, buiWingtvpes, and com^ting energy 
types. System analysis inclijdes system modeling and 
testing to validate the pwi^ormance nnodels and to 
provide ciata on systenri operation, Because building 
and energy types, climatic zones, and systerr; config- 
urations are all subject considerable variation, 
complete systenn analysis is extremely complex. For 
example, solar col leclors can be combined with heat 
pumps'in dozens of ways (o provide net heat output. 
There are at least 1 3 differenl U.S. climatic zones and 
5 different^ building types that must be considered, 
and fuel ty^s arid prices also y^ry greatly. Asa result, 
the entire set of these pwssibilMies has never been 
evaluated for even the simplest solar heating system. 
It IS not necessary to evaluate every case, bec;ause 
many are clearly inappropriate, but a cornprehensive 
analysis IS necessary for even a first order evaluation 
of combinationi of heat pumps with solar heating and 
touii ng systems. 

Dis^enii nation of Information 

C omptjnent te^isis and integfated systeri) t€sts will be 
idrrit'ci oiit urid^r (he proposed solar heating and 
tcKjIin^ f<&t) prugrdOi These syste^i tests vvtll pro 
vide iniufrndtioo on actual sys^r^j upe fating and 
indiniewafKe chdracttri sties. They will aUo provide 
ddtd for val idatiog ihe models developed tci predict 
byhteni performance There will be relatively few Sys- 
leni te^ts dnd they wi II be carefully chosen (□ provide 
infurrriatiLin on the types uf systems most hkely to be 

uiiijit lit ally dfid gperdiionally useful (Remdrkdbly 
littlt^ in forniaiior"! of this type exists at the present 
timt^ ) Wherever pc^b^ible the systerns tested will be 

lfiU5t j|ie*idv "it liided in ih^ M l) progrdi ri of 10 l\w 
deniuitsif cjr > pruj^rdrii Whert^ suitablfe? arrange 
nierit^ tdri t)^ iTidde bySiern^ built privattly or by 

u. dis^erriiriatp ihis information on system testing to 
\\\^ v driuu^i v!s<:i gr uup^ Tfiu wi^ll bedof ie thruuji^h 
fep.jrtj, V cJMf ef ^e pf Oc-t^dl Hf^^j, di td buf Df i la f y mdte 
Mdl f\ rfb de^i^n ^ijiJtrs bdridlxx-^kb and i orf^pen 

J I J Lit icrsiills u\ ifioi.^ tdakb wf^cfi ^f/cc itlt dih 

Jtiii t?i.. If if,> ! II idt h,/ 1 . ullecWun and ^yilv/rt ^fi^fy^'^ 
i j/c if £j£- ijKcf! l^,it f/4jb)jt at.u,rn ^/t? ^^^»a^etJlu 
t urrt^^K.)irci \a the f?& [) pl^n dccomplisfiments These 

Jjtj i f Ir t t! iii t d r t J h » fi* n r i tiHtH i d bs^i !M f idt lur i -Jt. ! I v I 

tips vvifl be roc>rdinateci when possible with the ren= 

tijiiit-HJ Jj-i^ i ulletlUjii diuJ Irlturl! idOwi I ser ! il fij 
lloi! »i £ jtdt^ll^ti^d itidt tfic ^tjldr f ledt !fig" tiiuj 

I \^^ fit.,, .JIK l<i f II I lli . .i ,1 . . ,1 

1 itxfil flip? titrtvs I (ijilij)ij(K. itt l£>ti t>!l pt.il uNU 
f.iijJelii'ii^ ^l^n It It M^tcft! fuc.J^Iln^ aiici syitet!) 

.nub 5b 



COMPONENT 

TEST 



CONFIGURATION 

STUDY 



COMPONENT 
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COST 
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VALIDATION 
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RATE 
STRUCTURE 




mt^^iil igp. o ^uwi IA<^ dita oUiervsd during the vilidation In a 

fe^fiflyjifillw t ilwUy ate c^^inbined In Jlffsi * 

iianfiguf ations eac*i of v^ich it then ani^yz&d for perforniinci la. 



1 



iM vais If 1 



Non-^Efigineermg Aspects 

\ The economic, insritutional, and social environ^ 
fnent in which w\af heatini and cooling technology 
will b#applied must be analyzed, All of the following 
art necessary: 

• Collection and disicmiriation of information 
on economics, legislation, market itructures, 
consumef attitudei, ^c. 

• Analysis of policies that nriay have an impact 
on the commefciali^atloriof solar heating and 
copling. 

• Research on factors that rnight affect the ac= 
ceptance of solar heating and coolinp systems 
and developrrient of acceptance design goals 
for RSiD prograrn^ 



f 



The Information gathered In these stepi will serve 
several purposes. It can uied in establishing priori- 
ties for the R&D program as vyellas for individual 
paths in the program. It can also be used to identify 
possible impediments to the widispread use of solar 
energy systems. Once the impedin^nts are identified, 
policies can be designed to overcome them. 

Approximately forty non-engineering tasks have 
been Identified and grouped according to the seven 
classifications in Table U3, The tasks themselves are 
described in the fifth secti^f of Appendix Because 
these tasks involve quei|ons common to all solar 
applications, they are nof associated with particular 
paths. Instead, the importance ^ each task to the total 
R&D program (includini the building and theagricuU 
tural and industrial process applications) is given in 
Table D^l. ' 
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SECTION in 

R&D PROGRAM STRUCTURE- SEATING AND COO^ThNC 

OF BUILDINGS 



This section describes in detail the ten different 
paths to the solar heating and cooling of buildings. 
Table \\\-^ lists the pbths, their designations, and 
features. The table is followed by thref illustrations 
(Flguns IIU1 to IIU3). The three figures show the 
paths to solar heating of hot water, solar heating of 



buildings, and solar cooling of buildings. Individual 
descriptions of the paths follow in order. Each de- 
scription contains a general comment, a discussion of 
the recommended R^D strategy, a tabulatiori of the 
principal R&D task groups, and charts which indicate 
task sequence and milestones. 
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FIGURE III-2 
^ATHS TO SOLAR ^ACi HEATING 
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PATHS TO SOLAR ^ACi COOLING 
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LIQUID-HiATING COLLECTORS 



SERVICE HOT WATER 
PATH W1 



CENERAt ^ 

In this syittm, water or another liquid passei 

prfale and/or 

^iyanced non^concehtrating) and transfen heat to a 
iter slorife lank, either directly or through a heat 
Kchangtr. Thermal storage will uiually be in either 
le normal domertic hot water tank or ir^a ^parate 
imteater tank. Freeze protection Is a major design 
consideration in m^t climates. Hot water heating is 
^rmr^- economical than space heating tecause the 
equipfwnt can be used all year, thus achieving a high 
loial energy yield from the collectors, Since the col- 
lecMf area nttded is small (from 5 to 200 sq. h.), 
amptt rod^op space Is usually availabfe for mounting 
the coilectofi, even in a retmfit situation. Since the 
investment for hot water heatirp systems is small, 
many people art able to insfall them. A ipecial prot> 
lem arises in that the system must interMt with the 
potable water supply without danger to the health of 
tJie users* 



R&D STRATEGY 

The objective of this path is ro^Wiist a imall but 
viable and developing solar water heater industry. To 
accomplish this objective, the basic characteristics of 
the many approaches to service hot water heating 
will Jdentified. The emphasis will be on determin- 
ing basic climete/perforraance characteristics for 
these approaches. This will be Accompanied by mate- 
rials char^fterizatlon, testing, arid evaluation, A sur- 
vey will made of various approaches to freeie 
protection, methods of Integration with existing hot 
water systems, and cost-j:»rformanc€ characteristics 
of existing marketed systems. Several points will be 
^emphrfrized: 

• The question of stratificatioh In the storage 
tank and how itratification is a%cted byilhe 
shape, type, and location of the auxiliary 
heater§« 



• Novel design of^pFTOpriile heat eicchaniefs 
operating at \mf flow rates and wUh smil) 
tempiratu^ d^i^^^^^ ^lU bi taktfi of 

thettwiitoj^raMffi 

mal. 

• Finding the appropriate method ^ connecting 
collectors* : ^ 



R&D EMPHASIS 

jltattrials Characterliation i|nd 
DevtlopiMiit 

^ Collators: glazings, surface coatings, sealants 

Coolants: emphasis on non-toxic coolants 

Heat exchange materials 

1 Plumbing materials 

Liquid/multUmetalllc corrosion ^ects 

Freeze protection techniques 

Insulation materlak 

Componenf Development and Ttsting 

Collectoi^: including methpd of connecting 

I Storage tanks: Including stratification and auxlU 
lary heater configuration 

Heat exchangers: fluid to fluid and direct contact 

^flectors . , 

( 

System Analysis ' 

Market iclentiflcation ^ ^ ^ 

Perform^cf iden^^icatidn: energy yield as a 
function of climater system configuration and^> 
design, collect^ pertormance characteristics, 
domestic hot wlKr use pattern and temperature 
r^uirement, and collector shading 




Modef M thtery villdglid^ 
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0^ AND SFnWfli^ . . 
MATE RIALJ frUDieS 

OOMPONiNT MODELING 

WATtR TANK iTQRAQi STUDiiS 

HANOtOOk 



NATIONAL CLIMATiC AND SOLAR 
DATA 



VALIDATe MODELS FOR VARIOUS 
CLIMATIC REGIONS 



PINAL CALCULATIONS OF COST & 
raRFORMANCi FOR VARIOUS 
CLIMATIC ZONiS, HANDBOOK 



M 



MILESTONE 



/ 1\ Complitt lystem studiti identifying 

ptrfoffnan^ and east chiricteriitlci for 
systems chosen for vinatii climatic 
regioni, This will be done iisuming 
Viildl^ of current simulition tech- 
niques and the chancttristics of existing 
hardware. Publiih preliminary 
handbook. 



^^^^ Complete a revtew of system simulation 
techniques (b|iM oh Improved system 
a^ collectoHh validate mathematical 
mi3dils« an^ certify that the final phm 
should proMid. 

6^9^^ Repeat atove system analyils based on 
■ ■ validatid mddeli and imprdved compo^ 
nents. Publish revtied handbook. 



UGURE tlM 

LIQUID HEATING COL^eCTORS FOR SgRVICE HOT WATER 
PATH Wr ACTIVITY SCHEDULE 
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AND SOLAR DATA 
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FIGURE in-e 

LIQUID HEATING COLLECTORS FOR SERVICE HOT WATER 
PATH W1 FLOWCHART 
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AIR-HEAtING COLLECTORS 
TOR 

SERVICE HOT WATER 
PATHW2 



Tht yti^^iif^hMting ooiis^m for ^fice hot 
'Ivvp pmbtefm: mouj^^ known 

i to stgHAcinl hMt nmfer lones. The heOThn^ 
Wit Qflcip baeiuit a hi^ 
talKMPi fh$ ilrfloiving thm^ the coTlector rtie 
fiMCt ^Mlfar to bt h^rtsd; Th# peifomiance erf an^ 
ilMNMUni i^em ima^ thtfieforit be low^ tfian^ that 
dbukmd Ming liiqukl^heatf ng eo\kdxm, birt air oMei^ 
uNWi 9(i(mb$mk i§ noiwfaaeztf^ non^-corroding, 
aid ti6ivtai£ic. Thermal stpragi fo^ 
tori will ginerilly be either nor^l ddn^tlc hot 
' tmk orv^sepanile ^heater 



H(p§TIUTEaY 

The o blectiv e of this path is to detef mine the eeo- 
. nomic VMiblit^ of tfie atr-heating approach.^^ie pro- 
ffim will tmphaiize Identiflcation of the^ ptrfor- 
manet eharacteriftics for virious colleoon and cli^ 
mat^. Materlais work will be directid principally 
towaid jmproved collector durability and ptrfor- 
nrianee. Systems will packaged so as to reduce 
COM and a few systems will evaluated. Higher 
leffiperatim coliecton will be emphasized in oi^r to 
cornpensat4 for tfie N^at^Mchange temptratuFt dropi 
etstwhere In the system. Storage tanks and ayxillary 
heilm will be desipied to maximize stratlflcatibn. 
The best pattern of collector connexion will be det^r- 
mltiedr 



Ooilecbh gttzin^ lUfttct CP^npi iMtan^ 
[Is iwr si^pMlioii of oolite^ oirivtdlpn 



lams 

InsulatiOT mat^al ^ ? ' , 

Cdmpbnmt Dtv^pnmt and ttMRg 

Air-heating collector 

Heat eicchangm: air to walir and diTect rantacA 

Tanks: erhphasis on sti^tlflcation amJ pfoper 
omettry and location of auistlfary heihiri 

R^iecton 

Syitmi Analysli 

P&rformandg identification: mergy yields as a 
function of collector perfofmann, system design 
characteristics, climate, storage lizeand config- 
uration, and water use cha^^risttcs 

C^t identiflcation^ emphasii on txiiting equi^ 
ment and pre^^iackaglng 

Retr^it installation compatibility 

S^em Teiting 

Conduct a number of identictl system tes^ in 
various iMations to validate theory and models 
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Q WA^II TM«K STORAfit STuOlfi 
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©FRgLIMINAAY SYtTeM rTUDIga 



NATIONAL CLIMATIC AND SOLAR ' 
DATA 

■ ■■ / ^ ■ ' ■ ^^—^^^ 

VALfbATi MbOiLS FOft VARIQUi 
CLIMATIC RgaiONS : 



FINAL CALCULATIONS OF COST 
AND KRFQAMANCe FOR VARIOUi 
CLIMATIC ZONIS, WANDBOOk 
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MKLESTONiS 



1/78 Complete symm itu4itf idantifyjng 
— ptrf ormgn^ md e^t tfiar iCtt ristto 
for syittmi ^osen for vinoui elimatle 
rtgiofis. Thii liwiM be dont i$i4jmjn4 
vilidlty of eumnt li^uUtion techniques and 
eharieteristies of exiiting hardwire. 
Publiih priliminery handbook.. 



1/79^^ Cofn^ete i rtvitw of lyrafii siillUlfltlon 

and ^lle€tofih valldati fftathtm^l^l 
models, and certify ttiit thf flnJl 
shoyld praeeed. 

6/78y^ Bepeit systerfi analyiif bMd W 

r _ » vaiidatid models ar^ Impraya^ MnPfonenG. 
Pyblith revM handbook. \ 
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AIR HiATiNQ COLLf CTORS FOR SERVTICE HOT WATER 
PATH W2 ACTIVITY SCHEDULE 
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HOOgUMG 



sTOSAai ffuoiis 



PfftClMINARt 
fYSTiM ftUDlfeS, 
HANDtOOK j 
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NATIONAL CLIMATIC | 
AND SOLAR DATA 
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VALIDATe MODILJ 
FOR VARIOUS 
CLIMATIC RiOIONS^ 
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PINAL GALdUl 

PlRFOmiANCe 
PQK VARIOUS 
CLIMATIC ZONIS, 
HANDBOOK 
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AIR HeATlNG COLLECTORS FOR SERVICE HOT WATER 
PATH W2 FLOWCHART 
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The obfec^ of this ^th ii tht inMduction d 
sdiifv^^ed htat pumpi Jifito tfit maricet in a rast- 
^ liiaiiiw iiiiiirit. jj gw^ftg miM ; 

ato ot avaitabia lb drive tfit hut pumpi. A bmi 
piinil^dm ymt ont unit of i tefflEte il to gentr- 
ali dhiM or mM uni^ wJHpal wmtgf. Solar^ 
aisislid heat pumps makiWpmi tht spiiidfng of 
ttt^rical tn^gy over a bngPwNH erf time, ^tmby 
Apcieaiing the peaking effect o^pt eiectt'lc uti^ 
• » ' . ' ' fc* ' " ■ . . 

The low fimfierature ener^ source for the heat 
pump could be supplement^ by varioui typti of 
collt^or: 

e Direct solar heating of a space or structure 
(e*g.^ a solarium or a properly constructed 
sotftft wall). 

• Solar liquid^heating collectors. 

# Solar alr^heating collectors. 

e Advanced non^orKentratiRg collectori. 

Ixteniive system analysis will be nec^sary to iden- 
tify those configurations that will be most coit tffec- 
ttve ifi different climatic zones. 

Thermal stora^ can be used on both sides of the 
heat pumpp Low temperature storage snnoothei the 
mismatch between solar input and load demand. ^ 
High temperature storage can level or eveh invert the 
f iKtriciil load profiie. Low temperature itoragt de^ 
vicis will vary with the lource, while high tem^ra^ 
ture storage will generally be by means of a water 
tank. 

The economic attractiveness of this approach is 
increased by the fact that the heat pump can be used 
for space cooling during the summer, transferring 
heat from Inside the space to the environment. 



R&DSTIUTE^ ^ 

A rampmhemlve analyils of ly^ern jMsftivity will 
be made ttvough cofrputer simulation of Aost con- 
flgiiritffonf that if^ M 9 fit ifad"ttaltta0^ 
tivity ainal^is will can^i^ out v|iHoib d 
lon^ and desi^ ^r9miieri« Pi^i^^nmr^^ pm^g^fm 
vidll be done fa^ for curra^ 
and for improved pfrfonmnm htat ^ni^» In rfie 
second ^im, a fow opeimflr^ syitemi will be buiN to 
validate the model and obtain opeiiAng tjcperitnce. 
Improved perfrnninci hiatpufft|^v^l( N dtwk^id 
and tndicA stu^^. TI«| technology b^ for 
the required coHf^ofi, storage, Imt pumps, and 
other sui^yMen^ muit bte^blishid. 

The solar heatirtg and cooiinj R&D pr^am gf tt^ 
Electric Power Re^rth InMtirie (EPRI) tmphaiiz^ 
developnr^nt of lolaf^assisted heat pumps for 
space heating with the purpose of providing energy 
load management flexibility for electric utilities. 
o^ration ^tween the EPRI and ERDA programs has 
b^ ^^bllihed and will U maintained to avoMI 
unnecessao^ duplication of effort* 

SYSTEM TESTS 

The R&D pr^ram will probably sporisor several 
full operating system teite. These wilt be carefully^ 
designed to correspond to conflguratlons which have 
Iseen i^ntifled ai optimum for the se^rar different 
climatic zon^. The iystems will be thoroughly tn^njh 
ment^, and their ^rformance nnohitortd and evalu^ 
at^. The primary purpose is to validate the computer 
models uwi to chb^ the optimum systems and to 
i^ntify appropriate d^ign improvements. 

R&D EMPHASIS 

Materials Charactiirization and 
Devetopment 

Since most of the applications are low tempera^ 
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NffanmnM MMMeitldni meffy yitid as $ 
AMMoriof s^lm ^rtgumtion and d^ign, ral* 



LMd pmAli diitrminiMofi arid utility iif^rto* 

■terti '^^ ;^ ' ::• ' 

Cost idintifi«atiw^^;^ of ^^^M^ 
iquipment and mhf¥^^, fistt allooMoh due 
.te lummtr wm^ heat pump tor (mling , 



ArchiltAwal Iht^^UiM) 

" feMifit pMtntlal 

Syftiffi TeMii^ 

^ta ptherini on ^Mni ly^ms 
New s^m 

Model and thtary vilidatioa 
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iurvivMnd 

eiBN^KMlllATION ITUDliS 



MATiRIAUrrUDliS 
t) OCM^UOtOR eVAt-VATION 
^ COMPONeNT DeVILOMiNT 
DiSlONCOMfiTITIQN 



eONSTRUCTION OF 
TISTSYSTIMi 



iVAUUATION, MOQIL 
VALIDATION, li HANDBOOK 
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MILitrONet: 



A 

4/78 / l\ PubiicitlQfi of the rtiylti of iolar>mliM 
htit pump conf jgurition ituditSp Idcnti- ' 
lying thi tnmx tfff ctlvt design approi#its 
for each dlmatk zw**. 



1/79 iL2\ StlictiQn of sivefii daiigns of tdlaf^ittad 
heat pump syittmi from among thoia 
Eubmittad In rtsponti t^a dfilgn €CHilpiti^ 
tion. Awarding of contracts for eonitrye^ 
tion. 




Cofiitrimton ef tm iyatams, 

Villdallon of ^mpufgr iimulition modali 
of lolwr^mitfed h#at pump lyitims, 
Putili^tlon of rtful^ In a haiidbook. 
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DIRECT SOLAR HEATING OF SPACE OR STRUCTURE 

PATH H2 



GENERAL 

For molt buildings, normally incident sunshine 
provides up to 30 percent of the heat r^uirennent that 
the building would have without direct solar gains. If 
the structures are improved, however, that figure can 
be raised to 50 percent. Design technique for ac- 
complishing this include improving windows and 
walls, adding skylighu and clerestory windows, and 
modifying roofing sections 

Thermal storage is usually i necessary lu ubidin ^^jUi 
heating fractions greater than 50 percent Energy will 
usually be stored in portions of the structure with 
large thermal capacities {walls, floor), in specially 
designed storage units located in or ddjacent to the 
heated space, or m separate thermal storage units 
coupled to the heated bpate by forced ur ndturdl 
circulation. 

In suriw building Jc^i^its nu^vable J!..tiijutiii 
used to decrease heac losses a\ night. SuJ^ insulath.n 
used with a conventiundl heating system keeps tern 
perature variations in the building within acceptable 
limits 



Emphdai^ Nvili be 
^lorage, and heat 4 ^ lu. 1. » it -J^ * 

system designs. Therm si.nulatUHi Lunif..itei fii dels 
of these systems will be generated validatjd, and 
used to determine system design pafameters and ef 
fective geographical rang^fs The energy yields thai 
can be expected in each climatic zone will also be 
determined. Architectural integration and cost effec^ 
tiveness are of paramount wuncern m the evoluiion ut 
each design, and information disiseininatiun is per- 
haps more iniporldnt for this Ubk thdn for any ochef 

passive solar hetiting cuiu. ^ib 



R&D EMPHASIS 

Materials Characterization and 
Development 

Structural or coating materials for storing water 
in containers in sunlight 

Phase-change materials with containers for heat 
storage at or slightly above room temperature ^ 

High transmissivity glazings ^ 

Heal transport fluids which expand on cooling, 
providing a reverse thermosiphon 

Cumpunent Development and Testing 

Thermic diode wall or rcKsf structure 
I ight and heat flow-control devices 

by^imn Modeling 

Iderilify basic chdid4 icil^li*.^ uf cdch type uf sys 
tem 

Validate sysierri mtKJtU 
3>si€m Analysis 

PeffuiiiidiiCC ideiillfkdllMM tiicfgy yields d 

function of system type, soisi load r^cio, climauc 
£uiie, and design paranieters 

C U5i identification, cust chaiavi^i i^iics fdaiivt 
to system tyi^ 

C uSt diSinbuliun wl.ti* . i^iM^/Miients ha 1. iwHi 

bined functions (a wair for Instance, th^t has 
structural and heat storage fufjctions) 

Archileclural integraUun 

Kelruflt potential 

^ .iciii lesting 

Udid gathering *j<i u 
Mudel and tfieaiy valldAiUir 
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TASK GROUPS 



/7\ SVtTIMSTUDI IS OF EXISTING 
Vd/ BUILDINGS 



VARIANT^F EXISTINQ eUlLDINQS 



® 
® 



® 
® 



BASIC STUDIES 



MATiRIALS STUDIES 



CONTROL STUDIES 



gj HYBRID SYSTEMS 



SiCOND GENERA I iufsi PA^ivt 
HEATED SYSTEMS 



FY ^977 



FY %m 



FY IfTi 
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FY lias 



A 



1 f I i^/ ,ualeU ^rBd^ninanliy b; direct sojir hedting of the 



4//d 



•A 



mater liii tod go lU sii, Ji^u sj. 
reiulti wuh hybrid lyiteiiu 



A currer.tly eiititjng butldtngi. 

4 A Baigd /etults of i^cond gtriEf ati4*i, 
bujldiftQi 
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AIR/HE>#lh[G COLLECTORS 



SPACE HEATING 
PATH H3 



GENERAL 

in a space htating system employing an air-heating 
collector (flat plate or non-conctntrating), air passes 
through channels in the collector and is heated. The 
heat is traniferred to a storage system, usually a bin of 
rocks under or within the heated space. Where space 
or weight limitationi require it, other storage media, 
such as containers of water or a phase-change mate- 
rial (paraffm or a hydrated salt), may be considered. 

Although air has a low heat transfer coefficient, the 
system can^t designed for performance comparable 
to that for a>^§tem using liquid-heating collectoi^ 
and water tank storage. In addition, the ajr system 
offers potential advantages In cost, ease of Installa^ 
tion, maintainability, convenience, and durability. 
The system lends itself to a combing space heating 
and domestic hot water heating application. Ite pri- 
mary disadvantage is that the volume required for 
thermal storage and ductwork may argue against us- 
ing the concept In retrofit applications 



R&D STRATEGY 

Emphasis will be pU^^^d ... 
state of the art up to the kvel achieveu to liquid 
systems. This can be done through collectDr dtvelop^ 
ment stressing performance, cost optimization, mate 
rials, and testing and through system development 
str^slng design and layout configurations that mini- 
mize system coste. Hybrid systems that use direct 
solar gains will also be extensively Investigated 



/ 

/R&D EMPHASIS 

Materials Characterization and 
Development 

Collectors: glazinp, surface coatinp, sealants 

Phase^change materials for storage 

Com^nent Development and Testing 

Collectors: general 

Improved heat transfer in collectoi^ 

Rock beds 

Tube biindles; including phase change 

Model and theory validation 

System Analysis 

Performance identification: energy yield as a 
function of system conflguratlon and ^^ign, col* 
lector performance, solar load ratio, climate, air 
leakage, and storage characteristics 

Cost identiflqation: survey of costs in existing 
systems and breakdown of costs by major cate- 
gories 

Afchitectural integration 

Assessment of domestic hot water add-on and 
retrofit pdtential 

3 tern Testing 

Data gathering on eximng sy^tt^ms 

Model and theory validation: emphasis on stor- 
age behavior and various energy loss mecha- 
nisjns 
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TASK GROUPS 



/7S PRELIMINARY SYSTEM CTUDliS, 
\1J HANDiOOIC 



©COLLiCTOR AND HEAT TRANSFER 
STUDIES AND DiViLOPMENT 



MATERIALS STUDIES 



THERMAL STORAGE STUDIES AND 
DEVELOPMENT 



©SIMPLIFIED DESIGN METHODS. 
CONFIGURATION STUDIES 



VALIDATION OF SYSTEMS AND 
MODELS 



©FREDICTION Of COSTS AND 
PERFORMANCES IN VARlOUb 
CLIMATIC ZONES. HANDBOOK 



FY 1177 



FY itn 



7h 



FYltTt 



□f btit sy^t*,rni various t,l)m iw iw lartt. 
Publish handbook 

As a re^Mii ut jyiig , 
development malefi4ii iiudy and 4.un 
rtryction of ttnal iimu'at'yns ftnel 
Synerni are aont u ff>ed fu* vanous 



I //^ y^ M^eii chostn art ass«mbl«d and simulttions 
are valldatvd based on data from op«riting 
lystems. Risulti are pyblltfifd. 

*^ - ^^^Sk Handbook summarizei syittfYi Wt and 
psriorman^ gharacteristi^. 
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LIQUID-HEATING COLLECTORS 

FOR 

SPACE HEATING . 
iPATH H4 / 



GENERAL 

This is th# most familiar of the solar heating^^Mths. 
Solar liquid-heating colltctors for ifMce heating have 
receivtd txteniivt development, but they have 
proved txpensive to purchase and instalL Extensive 
research and development Is necessary in order to 
determine the best techniques for operating them In 
varioui^ climates. For instance, where ipace heating 
determinei the coJIector array size or where a net 
space cooling requirement cannot be met by night- 
effect or evaporative codling, a chiller coupled to the 
liquid system might provide a small cooling capacity. 
Thermal storage will usually be in an insulated water 
tank. 

This path will likely be developed regardless of the 
early results from this directed R&D program. It is 
appropriate to stimulate its development by providing 
the best possible materials and information. 



R&D STRATEGY 

'The vilorous national industry m this area will be 
supported by collector R%D thai stresses materials 
characterization and development Installation costs 
will be reduced by simpli ying manifolding, connec 
tions, and thermal storage assemblies Results of nu^ 
merous system tests will be made available, computer 
simulation cod^ will be validated, and simplified 



methods of syitem design will be determined and 
deicrlbed. 

R&D EMPHASIS 

Mattrials Characterization and 
Development 

Collectors: glazings and coatings, sealants, se» 
lective surfaces, coolants, and insulation 

Component Developnient and Testing 

Collectors: general 
Thermal storage tanki 

System Analysis 

Validation of detailed computer simulation 
models using test results for existing systems 

Evaluation of simplified handbook methods for 
predicting system performance 

Cost identification: survey of costs of existing 
systems with breakdown of costs as to equip- 
ment and labor for the various subsystems 

System Testing 

Continued compilation of data from adequately 
instrument^ system tests 
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HANDBOOK 



COLLiCTOR STUDY AND 
DfViLOPMENT 
> 

MATERIALS STUDIES 



STORAGE TANK DEVELOPMENT 



SIMPLIFIED DESIGN METHODS. 
CONFIGURATION STUDIES 



VALIDATION OF SYSTiWS AND 
MODELS 



PREDiCTlQN OF CUSTS AND 
PERFORMANCES IN VARIOUS 
CLIMATIC ZONES^ handbook 



FY 1977 



FY 1t7t 



A 



FY ItTf 



2i 



i //a 



of belt iyi1«rni for Vinous Lllnii^u.; tOn4, 
Pvibji5h handbuuk 

As a leit.ll ut syilciii ;^Uidlt<'3 i..«M#Cti^ 

tJeveiopfT^e* 1 1 .Ti^tefiifS Itudv and CO'' 
StfyCtlUfi of tifial Simyl^tlUfia firial 

Systems ^re ^uf^ttrfr?^ fui *jvi3 



~ Dimonstrition Program, ind eodfis irt 
vaMdsted 

tu /S/4\ Publicitlon of resulti Hand^Qk sum- 
marizss syitam Qosts and p9rforrnin^i. 
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CONCiNTRATINC COLLECTORS WITH ABSORPTION OR 

RANKINE CYCLE CHILLER 
FOR 

SPACE COOLING 

PATH CI ^ 



C£NERAL 

Heat driven chillers can be of various types; ab- 
sorption, Rankine cycle, desiccant, etc. The perfor- 
mance of these heat engines is mark^ly influenced 
by the temperature of the available heat. Their use 
should be especially considered In tho^ areas of the 
country where high humidity keeps night-effect and 
evaporative cooling from being effective. 

Absorption chillers normally operate at tempera- 
tures over 230^ F, though they can be made to oper- 
ate at lower temperatures. They have been designed 
to operate in the temperature range required by the 
air conditioning device. This makes possible the use 
of an air-cooled condenser. Concentrating collectors 
are likely to be the most cost-effective types of collec= 
tor in thfs temperature range. In high humidity cli- 
mates, space heating is usually best accomplished by 
the same collector and storage system that is used for 
cooling. The collectors operate at very high efficiency 
at the lower temperirmres required for space heating, 
and the thermal storage capacity will be increased 
because of the wide ternperature range available. 
Collector concentration ratios will generally be less 
than 10: 1 . The area of the absorber will be reduced 
by the concentration ratio, thereby reducing the heat 
loss from radiation and convection. Concentrating 
heaters will generally use either refraction (through a 
lens such as a Fresnel lens) or reflection (from curved 
*or flat surfaces) to achieve concentration Concentra- 
tion will usually be two dimensional, such as is 
achieved in a cylindrical parabolic trough. However,' 
three dimensional concentration, such as is achieved 
with a small mifror tower, should also considered. 
At a 10:1 concentration ratio, the concentrator must 
be able to track the sun on a daily basis Single axis 
tracking has not proved as difficult or as costly as was 
originally anticipated. A S J concentration may he 
obtained with fixed east-west mounting 

Thermal storage is a major problerTi dt leiii^^idUiics 



atove the boiling point of water. The use of pr^sur- 
i^l v^ater would prot^bly be the most cost-effective 
somtfon, i^t other approach^ should also be consid- 
ered— ^.g., the use of collector coolant for storage^ 
Hot storage may be as brief is two or three hours, 
providing only enough tinrit to smoothe out variations 
in solar input and to accommodate the load's natural 
timing lag. Cold water storage will probably be more 
cost effective for long terj^thernnal storage, Large 
quantities of cold water j^ll be requifaJ, however, 
because the working dT k small High and low tern- 
perature phase-change storage materials may be very 
desirable, 



R&D STRATEGY 

Two areas must be emphasized: high temperature 
collectore and ^-off cycling. Simple and reliable 
concentrating cSlectors, both tracking and fixed, 
must be developed. They must be capable of a daily 
efficiency greater than 50 percent at average fluid 
temperatures around 260^ F, Since the chiller will be 
a major cost item in the system, it must be operated at 
nearly maximum output This MM require generator 
temperatures of approximately 230^ F and continue 
ous operation. Current data indicates that the average 
Coefficient of Performance (COP) may be decreased 
from a rated value of 0.6 to 0,3 through cyclic opera- 
tion. The chillers may have to be partially redesigned 
for the solar application, but manyfacturere of absorp- 
tion units have shown a willingness to do whatever 
redesigning is nec^sary so long as market conditions 
warrant their investment. 

The Rankine cycle/vapor compression eftrt will 
emphasize the development of models of varying 
size These devices offer costs potentially lower than 
those for absor^ion chillers, and their efficiency in- 
creases with input temperature. R&D systems must 
also be designed and constructed. These systems can 



be ustd to identify operating charaeteriitici in the 
fitid Bni to vilidile dslailed system modeli. 

R&D EMPHASIS 

Materials Characterization and 
Dtveioptfient 

Lens and mirror materials and selective surfaces 
resistant to exposure must be designed; and 
liquid coolants must be develo^d. Questions 
regarding cost, fabrication, availability, and op- 
eration must be settled. 



Component Developnnent and Testing 

Develop models for heat loss mecHanisms for 
varioui absorber/container configurations and 
materials 

Validate models and theory of operation in the 
following areas; 

• Fresnel lens concentrators 

• Parabolic trough concentrdtorb 

• Compound-parabolic cuncentrators 

• Mirror tower reflecturb and collettuii 



• Absorption chilleii OF^rating under deiign, 
off^iign, and transient conditioni 

• Rankine chillers operating under design, 
off-design, and transient conditioni 

i 

System Analysis 

Performance Identification: net energy yields as 
a function of system configuration, collector per- 
formance, chiller performance, storage size and 
configuration, and climatic zone 

Cost identification: cost characteristics for var* 
ious collector and system options 

Architectural integration: methods of mounting 
movable hardware on buildings 

Integration with service hot water (or process hot 
water, as In laundries) and space heating 

System Testing 

Construct one R^D system test for each ap- 
proach considered attractive in a given climate 

Detailed data gathering on above tests 

Model and theory validation 

Detailed cost and performance calculations in 
various climatic zones, summarized in a hand- 
book 
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DEVELOPMENT OF.COIiCf NTRAT 
ING GOLLiCTORS^ 



MATiRlALS STUDIfS 
STORAGE DEVELCJPMENT 

CHILLER DEVELOPMENT: FIRST 
GENf RATION 

PRELIMINARV SYSTEM STUDIES 

SIMULATION DEVELOPMENT 

BUILD AND TEST VARIOUS CON 
CENTRATING COLLECTORS AND 
STORAGE SUiSYSTEMS 

MODIFICATION. FAifllCATION 
AND SYSTEM TESTS WITH AVAIL 
ABLE COLLICTORS, VALIDATE 
SIMULATIONS 



SYSTtM SruDlfeSFUh VAHluus 
CLIMATIC ZONES. HANOBOOK 



SYSTEM TfeSTS. CHU L tMb Wl l n 
ADVANCED COMPONENTS, VAlI 
DATE SIMULATIONS 



FINAL SYbTfcJVl bU/Uit^ 
FINAL HANDSOOK 
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tynv.entrdthig i^uii#t lU' i fur fufthe* 
development 

^v#lu3t^d in SifTiyidClQMl $nJ aft.' Kit 

R#nkifig ieill StOfa^ ^y^(^<Ti| die 
#ydludteiJ 



CurrsnUy avallAbls abagrptiQri iind 
Rankjnf cysit chilltn tottd (separitely 

^nd lidi side) Systim studisi per 
formed and preMminarv handbe^ki 
gentrated for pertinent cMffiatic iom% 



/^S^ I eiU t^ufTipieted y^ith advanced eompon^ou 
^^""^ arid urigifiil abK^rption units of varying 
size^ {Second generation tifts J ^ 

Syiiem studies CofTipletid for varipM> ' 
glimatic rangts for advanced^eofrtfoiors 
and second genefation ibforption 
chilltrs. Handbook ^ 
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FIGURE III 17 
CONCENTRATING COLLiCTORS WITH 
AttaoRPTlQN OR RANKINi CYCLE CHILLER FOR SPACI COOLING 
PATH C2 FLOW CHART 
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ADVANCED NON^CONCENTRATING COLLECTORS WITH 
ABSORPTION OR RANKINE CYCLE CHILLER 

FOR 

SPACE COOLING 
PATH C2 



GENERAL 

Low-loss> fixed-mount, solar Ijquid-heating CQllec= 
tors vvilMit ustd to provide' suitable inlet tempera- 
tures for absorption or Rankine cycle devices The 
collectors wilt^ include advanced, non-CQncentrating 
collectors such as evacuated tubes, hone/comb ty^ 
collectors, selective surface collectors, heat pipes, 
and various combinations of these These collectors 
have the potential fbr operaftng at reasonable (40 
percent) efficiencies at iemp#ritures up to 30u^ F, 
and they may therefore be suitable heat sources for 
chillefs opefating at generator inlet water tempera- 
tures up to 230^ F. This path will include standard 
selective-surface collectors suitable for a generator 
inlet temperature of 195^ F (This path differs from 
Path CI in including only thuse generators with tem 
ptratures of 230^ F or lower \ 

The most COIt=eftectlve appfuach to dt.t *.^n!Mlt5hi{i^ 
thermal storage above the boiling point of water is 
probably pressurized water Other approdc hes how 
ever, might also be investigated— e.g., using the col- 
lector coolant for storage Hot btoragfc may be used 
for short periods, perhaps as little as two or (hree 
hours This will be sufficitfni only tu smoothe out 
variations in solar input and to a, commodate the 
natural time lag of the cooling lo^d Cold storage of 
water or ph^e-change material rnay be more L^tbi 
effective fo^^ng term thermal siorage. Large quan 
titles of cold skater or coolant will be required how 
ever, because the working 4T is small. Phase change 
hot storage should be considered, because it is highly 
desirable that the chillers have a constant lempera^ 
ture source 

R&D ^IRAIfcuY 

Thr^ areas musi i*- . ■ ^ » 

lUre, high effi*.ienc, n cufuxr i/£ ng t ilhu^i^M 
low temperature geMeraiurb, dnd .iri-ort cycling. 



Higher temperatures will be acWeved through the use 
of high performance collectbi^. Collectors must be 
developed that are simple, reliable, and capable of 
daily efficiencies over 30 percent at fluid tempera- 
tures averaging near 260^ F, Since the absofption 
chiller will be one of the most expensive items in the 
system, it must be operated at nearly maximum out- 
put. 

Advanced systems must be designed and con* 
buuctwl. These systems can be used to identify oper» 
ating characteristics in the field and. to validate de- 
tailed system m^eli, Becauie this path Includes gen- 
erators with temperatures of 230^ F or lower, it will be 
necessary to redesign the absorption generator or 
Rankine unit to maintain adequate performance. The 
absorption machines may alio require condensers 
cooled by water towers. (This will be a problem in 
domestic applications and in areas where make-up 
water is expensive.) 

R&D EMPHASIS 

Materials Charactet 
Development 

Glazing and gid^ifig LOdilngs, ^^di^nti ^^lewuve 
surfaces, coolants, insulation, and absurbant/re= 
frigerant pairs 

4 ..iiiijunent Developin^nt and Testing 

Develop models for heat loss mechanisms for 
various collector abiorter/contairier configura- 
iiuns and materials 

Vaiiddie inc^els and develop i^hillcr? upumized 
fur solar applications 

5iu^> ^iij rnodcl transient peffuifiiflrtce of chill- 
ers 




lrtt§gri|lDn WHn jdemMle hot water (cr prt^M 
hot water, ai lit taundri^) ind spin hathr^ 



mifyylel^a 

^iMMjMl^^^ SyMtrnT^ing 

Constrijct dm advincid lystirn fieit tor taeh 
ipproach nmidtred attraetlvi in i givtfi cli- 
^ tton of the varteuf eoll«tor and syslem optloni f^Wt ^ 

, . ^1 . i ^r_^ Dttalled data pttorlng Oil above t^ts 

Ardiiteetural Integration: methods of mqufiting , e- 9 

^ hafdwirt on bullalM Modtl and th€ory validatfon 



l^wcDmitic Mm 
-^I Co^ mntlfieitlon: c^t cfufaMrlstics ii 1 ftjn^ 
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CHILLER MODIFICATION, FABRh 
CATION, AND SYiTfM TEtrevyiTH 
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VALIOATE SIMULATIONS 

SySTEM STUDIES FOR VARIOUS 
CLIMATIC ZONES, HANDBOOK 



SYSTEM TESTS: CHILLERS WITH 
ADVANCED COMFONENTSi VALU 
DATE SIMULATIONS 



FJNAl^SySTEM STUDIES, FINAL 
HANOffOOK 
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Prellminiry system studjes and collietor 
divilapmtnt lead to ehbiati of col lectori 
for first generation abforptiofi ttsts and 
vif ious typts of most profnisirtg eollKrtors 
for fufthtr deyelopmint, 

Advinctd colltctors are tvilyated in ' 
limulitions and art raady for Mond 
generation absorption test and/or 
itcond generation Ran kind twtx. Storage 
Mbiystemi art eviluited. 



Absorption '^d RirvMnt cyc^chillers 
tistid with ^rrtntly •vallabia ^llicton. 
Syrtiffi ftudiif pcrformid and pfellminary 
har>dbMi(S gfniratid for pa ftlntnt 

0^^^ T%%n eompUM with gdvansad ^ollaotcin 
and lacond giiH ration abeorptlen uniti 
©f varylfifiiiJi. ' . 

Sytum ttuditi cpinphrtad for various 
' ~ ~ eliinitk tMngn for advanead eollioton 

and if^nd gifMration atefptfon chMltn. 
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FIGURE 111-18 

ADVANCED INON.CONClirrRATrWQ COLLiCTOTS WW 
ABSORPTION OA RANKINi CYCLE CHILLER FOR SPADI COOLII^a 
PATH C2 ACTIVITY SCHEDULE 
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FIGURi 111.19 

'ADVANCED NON-CONCEMTRAtlNa COLLECTORi WITH 
A^RPTION OR SAMKINECyCL.E CHILLER FOR ^ACE COOLING 
PATH CI FLOWCHART 
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¥\AT PUTE eGLtECTORS)wiTH DiSICCANT CHILLER 



SPACE COOLINC ^ 
PATHC3 



CiNiRAL 

Oeilccant chilling involves the dehyd ration of air 
by CQntiet ^ith a hyghoscopic matiriar The air is 
lt#pt at a consent temperatufe or cooled after 
dehydration; it is tNed chillecl by the evaporation of 
vwiter into the air. Solar heat ii ustd to redi^ the 
disiccant. This process has a potential advantage in 
that It can carrlgd out at ttnperatures as low at 
1 60^ F, though this lovvers the plerformanct coeffi- 
citnt signifieantlyr. The path is most anractive where 
the solar collector requirernent is governed by the 
space heating load This allows the same collectoi^ to , 
be used during thesynnfTier forspact cooling, Cdmbi- 
natfOfii with solar air heiters are iffectlve, because 
the oeslccant ii usually most easily recanstituted by 
centect with hot air (which carries off the moisture), 
Sclar liquid hieaten could also be uped with a desic- 
cant chiller^ but this approach has a lower priority, 
because it requires more equiprTient and is therefore 
to be ffiore ex pensive. 



As is normal with this type of collector, thermal 
storage will be accomplished by^ means of a rpck bed 
for an air- heating collector and a water tank for a 
lliqu id-heating collector. 

R&D STRATEGY 

Thi§ patfi requires considerable research and de- 
velopnient. Solid dfsiccants capable of being recon- 
stituted at low operating tennp^ratures ( 1MD to 1 60^ F) 
are needtd^. Methods of desiccanf su^ort and air 
handling\nQust be developed, with emphasis being 
placed on subsystemi that requi/e a minjmum of 
tUctrlcal input energy i The^e sffbsystems ni^^! be 
dwable, mechanically simple, and suitable forlnte^ 
gration into an air-heating collector/rock ted storage 
space heating system- Methods that use low operating 
tefnperatures will be investigated first, but if it be- 



comes advan^toui to operate d^iccam at highir 
t^mperitur^, this approach will also be explored. 

R&D EMPHASIS 

Materials Characf erintion and 
Develbpment 

Dtsiccan^: thermodyrianriic propertief and op- 
erating temperatuf%s 

Support itructuriii simple, rugged matrix struc- 
' ture to support desiccant, with adequate air sur- 
face contact and low prefsuiB drop 

Component Development ancl Testing 

" Humidiflcation/dehumldification process 
DeAccant wheels 
Model and theory validation 
Air handling ^ujpment 
Support structures 

System Analysis 

Performance identification: energy .yield as a 
function of collector and desiccant subsystem 
pefformance, climate, and system design. Air 
pumping requirements. 

Cost identiflcation: overall evaluation of add-on 
cost characteristics of desiccant subsystems in an 
air-^heating-only system ^ , 

System Testing 

Construction of suitable sy§teni tests in appropri- 
ate climatic zones s 

Model and theory validation 
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FLQUFE 111^21 
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iVAPORATIVE AND NIGHT-EFFECT COOLING 

PATHC4 



OeNIRAL 

A building can be cooltd through i^Fi^Bn with 
the aif^reiiiiMfrt even when ttmperitur^ aft high 
^ifiti^$^'tM^lW&^ pof nt is tow tnough. Climates 
wtim thii pccuri uiuaily have large durnal tanfipera- 
Vinations. In such elimaiei; evaporatiori, night- 
sky radiation^ ard eool night air can be corfibiried 
with thermal st^ragt to offitt almost complttily thf , 
raid for actis^ cooling. The purpoie of R&D in this 
drei ii the tjcpanslon of the gMgraphIc aria whare 
mi appnoieh is wortcable. 

One method which has already been divtlopid 
uses passive ropf pondl, radiators, and evaporative 
iedi. The porids act as solar colfectors (for hAating)^ 
Thermal itorige is usually In poriions ofihe itrucfure 
having large tbernial cBpacify (wills, flobr), ipecially 
designed storage units (roof ponds) that are adjacent 
to the conditioned space, or separated thermal stor- 
age units (rock bins) that are coupled to the space by 
natural forced Qirculation. Movable iniulatiqn 
panels are used to provide control of thermal varia- 
tions, 

A second rnethod uses an active air blovyer and 
rock bed therrnai storage. The system can store cooU 
ness at night, when the dew*polnt is lower, for use 
during the day. This method works well with solar 
space heating systems, especiaify air systems, be- 
cause the same thermal storage unit can be used for 
heating and cooling, increasing the cost effectiveness 
of the storage and blowers. 

In soffie locations, cool night a^r can be used di- 
rtctly, without evaporative cooling 

R&D STRArECY 

R&D emphasis will be on determining heat rejec- 
tion, storage, and ab^rption characteristics of var« 
ious designs and on generating and validating ther^ 
mal simulation computer models for designs. The 
models will be used to determine die m^t effective 
parameters for each design, the effective geographi^ 
cal range for each ctesign, and the energy savings that 



could be expected for ^ch design In various climatic 
zones. Arc^tectural int^ration and cc^t effectivt- 
n^s will be sti^sed, and information dissemination 
is. alio esOmritiy imporlifit tor this ^tti. A^Uti 
must be closely coordinated with those carried pn for 
pathf HI, H2, and HI. In path HI, for Instance, 
cooling may be p^sible by a heat pump rtjecting 
heat te a rooftop radiator. 

R&DjlMpHASIS 

Materials Characterization and ' 
Development 

Structural or coating ririaterials for storing water 
. in containert in sunlight 

Phase^hange materials and con^iners for heat 
storage at or slightly below room temperature 

High transmissivity infrared glazings 

Component Developintnt and Testing 

Thermic diode or roof structures 
Light and heat flow-control devicts 
Rock bin thermal storage 

System Modeling 

Identify basic charicteristics of each type of sys- 
tern 

Validate system models 

System Analysis 

Performance identification: energy yield as a 
function of system ty^, climatic zone, and de- 
sign 

Cost identification: cost characteristics relative 
to system type. Cost distributibn when compo- 
nents liave conribinid functions (a wali for in- 
stance, that has structural and heat storage func- 
tion!), 
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^Mk^^^ ^^^^^^^^^^^^^ 

Modtl vaMfMon 

Ivaluatfop of tfrf law iwm effigt dF humidifla* 
tion OA rede bMl Mil In vifl«a atmaM. If 
■dvif^ i^t^^g ncHd, ewluaden of fcingi. 
cidM or oiMr refflfldies. 
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TASKQROUPS 



AND ACTive ts^mmu 



B^ICfTyDIgS 

MATiRiALi ffUDliS 
. HYBRID c60LINdSyStf MS 

®Sf COND GiNeRATIQN COOLING 



© SfWND aiNERATION MOLINd:. 



ANDCDCL- 
S 



1 > 



"2^ 



MILiSTONES 

Each mllMim mHn to tht ^mptmion tnd dlstributkin of • hmjbdok on teftnt dtiiins 
for buHdifi^ that will b* pr«ddmlruntiy by iviperitlv* md rJght^ffecf tichnlquts. 



^^ ^^^Sl Bwd Qfi first round syrttm stuclMi 
$f imii^ and aetiwi ta^n^uei. 

^O^V^V fiiMd 6fi)biyl^ frcmi Me irvd, 



BMd on variants and improva^ 
manti of ^rrM ^^¥t ^^ir^ 
tichniquti. 



4/79 



RHuIti f rorri hybrid tysttm taits. 



4^Q^^5^®^^ la^nd gantration passivt 
e^Jfig iyitaffii, hybrid cooling 
^Mffi|« ind e^bined htatlng 
ind eooling iysttmi. 



EVATORATIVi AND NIGHT EFFECT COOLING 
PATH C4 ACTIVITY SCHIDULE 
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sruplis 




10/78 



4/79 



I INFORMATION , 
I FROM PATH H2 | 
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SYSTtMS 




APPROACHES 
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FIGURE 111.23 
tVATORATIVi AND NiaHT iFFECT COOLING 
PATH C4 FLOW CHART 
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SKTION IV / 
ACRICULTURAt AND INDUfTRIAL PROCIS 

than one applieatfon. Hib will help mortiit 
tiie cost df ^ f^^trm^ 

• InduiMal am] jyicuto^ 
durable, because vii II bt mquIlM l6 op- 
erafe In h^tle enviramtn^, Syibpra ihould 

• Industrie oiiinMltd Mth ^cultunl and in^ 
dusb'lal ptoomwm art gmenlly leu Wtning 

^ than thmi ccmntc^ Jtt^ ^ 
Ingtacarryontht nat^an^MD.Astfii^^ ^ 
ceMin crucial taiki' iniy tequire mori ERQA 

PATH REQUIRiMENTS 

Additional R&D Is ntc^iary for the agriculturil 
and industrial j^pQ^ paths^ and it can be caititd on 
in^paranel witlvwbuH^^ 

- of lm^ than fl w v^r$ fcieing i^uired for proc- gram. Systems iiRJst bt^taib ltd to die needs of i ndi- 
ess Improvenrients. Btcause industrial con- ^ vldual usem. \Mitn iv^teitii i^gwn>to Ae cost 
cerns have trairMs4 f^intenance ftefMnMl ^ efttcti^^^^^ 

availabie/ ^lar energy systems with lov«^r' be made .^available to other ustn. Those useri; can ; 
initial costs but higher maintenance, coits " then design' ^similar, iV^ms, mbdifyini them to sijft 
might be the most cMt^ffective approach. tt^ir own particular needs. > i^^^ ; 

• Since the farmer will probably build and will ,R&0 taslcs unique to the agricultural and Industrial 

certaifll^malntain many agricultural solar en- prMess paths are turiently being identifled They will 

trgy syittms, th^ fysl^s should consist of , be destfrjbed in the revisiori of this report. Work on 

rnatefials that ai^ readily^obcained such taslcs will coordinated with worfc on the 

worked. The systems sh^ld alio be relatively building applications taste that pertain to the agricuU , 

portable, |0 t^at they can be used for more tural arKl industrial processes. 



PATH CHAKACTiRISnO 

Tfit RAD Mfoft nequtred for the jigriwlturil and- 
Indimrial pfOGm p^it will be similar to Aat re- 
quimi for th# hertng and cooling paths. There are 
JMBtaLsB^M^Jbsn^!M$ let the J^ric 

and ifvdustflaf pfodiss f^dhrs i^rt. The^ poinb are as 
follows^ I 

# Agricultii^i and Indu^rfil pmess s>^tems 
^ > Uiijally vMy large and consum iubstan^ 
tiai amounts of eneiiy. Ineiiy us^ are more 
varied thah in the t^ilding apfrilcations, and 
taita^ifig s^teim to meet piiticuter applH 
cations if a major challenge. At the sarne tirne, 
indintrial process heat loads are usually pre^ 
« dic^ble and constant. 

% Induitry may need relati>^ly short>1ffe ^.^le. 
rart ngfor tfWsvstems/with pay^back pirfdds 




Part III. TASKS 
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APPiNDIX 

The third portion of this report consists otfour appendices. Ap(»ncllK A gives tasfc 
flow charts for the ten paths; Appendix B contains brief descriptions of the building 
program tasks; Appendix C llsb the importance ^ymben for the engineering tasks; 
and Appendix pjlves the Impbrtance ^f each of the noh-englneerlng taste to the 
total R&D proiram. v ' V 4 , 
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APPENDIX B 
R&D Program Tasks for the Solar 
Heating and Cooling of Buildings 





PROGRAM TASKS FOR THE SOLAR HEATING AND 
COOLING OF BUILDINGS 

This appendU describes the tasks thaC rriike up the R&Cr program for the sol^ heating and cooling of 
buildmgs. Both engineering and non-engineering tasks are included. Task dtscriptioB^^re detailed enough to 
define the work required but broad enough to make the ^gram flexible and r&sportttv#=4o changes 
ttchnology. All engineering tasks are identiTled according to rnajor category and sub-category: The paths on 
which the tasks occur develop in parallel, and particular tasks may occur owore than one path. A*patfis on 
which each task occurs are listed, however; and the importance of the task, to each path Is indicated. ^ 

, f , 

The following Is an example of a listing of priorities for an engineering task: 



^ATH 


SERVICE-— 
HOT WATER 








W2 


H ] 


' IMPORftNCi 

' HO 
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P 






\. 





SPACE HEATING 



H2 



H3 

6 



H4 



^ACE COOLING 



CI 



C2 



C3 



C4 



oT iJic Idbk U> U.w under wfifch itic: 



numbers appear/ A U tt, 10 bcale ibAJSeKi. ^ itfi a bl ,^.k indrcaihig nu imyandnL^^ ) \t\dudung the luwesi 
importance, a^^O indicdting the highest l./iponanc e 
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I. Solar Collector§ 



dWICTIVE ^' 

^Ijt objtctfvt of the taski in this cate^ry is the development of the technology nectiiafy for a yaritty oi 
wst^^ectivi alf- and liquid*heatmg lolar collectprs. The fpllowmg temperature rangfe classification vyill be 
ustdi . ' 

Lovv temperatufs; betow 140^ F (60^ C). 

• Medium temperature: 120 to 200^ F (49 to 93^ C). 

• High temperature: 1 80 la 500^ F (82 to 260^ C)= 



EMPHASIS 

The solar collector element ot the R^D pfugram emphasizes the following points; ^ 

• Development of durable mdtefials tor glazingi, surface coatings, ^alants, compatible absorber^ 
plate/coolant combinations, insulation, etc. 

• Modeling and testing of various means of increasing solar input (reflectors, tracking) and reducing 
energy loss (reducing IR emittance, suppressing or eliminating convection, and concentration). 

• Optimization of collectof design for cost-effective energy collection for each system application. 

TASKS 

l-A. System Stutlin f 

UA= 1 Pefforni 4 cost bieakJuWfi fui i .. . . ^4^>. .u i^^in^ ^'Oduc^ or develuped. investigate the 

folloM'ing majof tost cdlegufies. raw .naitfi^lj ,^&.n^ lab. f fur assembly, ^uipment amortization t plant 
o^ration and overhead, sales, disiribuiiDn, and installation. Determine whether the major competing collector 
types (such liquid-heating fldt plaie air cheating flat plate, evacuat«l tube, reflecting concentrating, and 
rrfractrng concer^tratjng) differ significanily In cost and whether regional (geographic) differences vviH rnfluence 
collector cost appreciably 



IMPCRTAMCfc 
NO. 



HOT WATin 



Wl 

10 



wz 

10 



1 < 




1 1 J 


t 1 4 


%^ i 


Qd 


C3 






)U 


1U 


10 


10 


10 






< 


i ^.0*= i 










SPACeCpOLING 



C4 

10 



Study coll#ctor sensitivity by determining if^e effect of changes in collector design on syitem perfor- 
mance^ yse weather data and solar radiation data in a computer simulation of he system, analyiing ^stem 
pe?Wiltianc^ for all seasons. Study collector sensitivity with varying surfaces. Neat transfef characteristia, htat 
loss nriki'hanisms (such as radiation and convection and the use of honeycDmbs), and chanpf in collector heat 
capacities. Make the sensitivity studies for vafious system configurations.^nd various ^imate and applications* 



IMPORTANCE 

NO, 



SERVICi 
HOT WAT|R 
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SPACE COOLII^G 
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UA^3, Develop a method for determining whiLh ^olar collectors are most appropriate in given situa^ns or 
cllfTiatic zones. Determine whether special procedures such as double glazing and the use of selective tuHacei 
are particularly appropriate in certain climatic zones= Evaluate the effect of varying tilt angle, shape, antf^Other 
collector parameters on collector ^rformance for various climatic zones. 
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I A 4 Study t!,*. pti K .... (.(^Hei. * , hich . jngerTit^nts oi Lullector rovvs best balance 

the efKctb ui ^hadirig ^.^u ihniidLufi^ uis m^i.. a\i\^^ ^pac^ 7 hi 5 is pdfCituUrly iniportanl for retrofit applications in 
urban areab Determine optirTnjni plumbing configurations (series, parallel, and series- parallel) to fnaximize 
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UA-7. Conduct control strategy studies, based on system analysis, to determirte how collector and system 



perfornriances are affected by various control Hrattgies and^ransient paraitieteri 
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UA-8. Design, construct, instrument, and operate ihosf collectors or radiators required for certain improved 
systems. Develop and validate simulations for these devices. If possible, choose the collector or radiator systems 
from those available m the demonstratiori program. 
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U-B=3. Determihe the effect ctf condensed water and dust on cover-plate performance. 
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*l-B-^5. Detfe/fTiine ihe effect of large scale plate f^qughnrts (for eximplertwh^s^.on iHe ab^ittt saifact, V- 
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UtJt.^valuate trickle coHtctjons, .analyzing Irormal perfoRfr|ance characteiisticsi^f these collectori ,^ 
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DNtlofi Itn^rmttm <1 70 lo 230^ F) rKH^cpfWemratmi, liqirid-hMUra edladoi^ ^^^^ cooling 
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radotidn mm* ah^j^ fettunn whrn a^pc^iaie. 
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UD, Sp^f Air*Htatbng Collw h 

^ UD^I , Invibtifilt the posiibllity of d^veloping'a itandardized^ figur^ of. merit for iblir .air-heating eoHectorf, 
Study thipi^^ of tranimissipn chapctef-istics, frbrit fac^^at i^s, ppessurt dropjind heat-itra^fer mecha- 
niims on ccmMter ptrforfTiance.^nclud^|^t/perform^h the effect oKnanifolding on €OSt and \ 

Pmure drops. Analyze the perfprmaQfl^^onventio^l air^fit^rs and of inflated, bag^type air heaters built 
o tfie building watts or roof. '^^^^^ . ' i 
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UD-^2 AUi^stigate the heat transfer characteriitici of the. various means propoied far Qfo^j 
from cpllector abiorber surface to air. Study the Wect 4y|ir flow veloclfy, fins, jB;ct^ndp^pB 
metal sheet^flow g^tr depreisions or cups, and rfie use of tuitulatofi, ' ^ 
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UD=5. Evaluate the effects of irflet An^ e^it air min^jpi design on the performance and colts of air heaters. 
Study Installation costs a^dThe effects of-pressure droprfor suchiiy^tems. ^ - 
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UDS. Deyeipp high temperature (1 70 to 230^ F), non-concentrating, air-heating collif tors for driving cooling 
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tip^ suppressors, and radiation traps. ^ , ^ ' . ^ 



PATH 



-J 



J. 




7 Importance 

J NO. 



SERVICE^ 
HOT WATER 



HI 



H2 




SPACE HEATIN#^ 





- f .. .. 





on 



Evaluate omtnt and propoitd ^sigQs for eyacMited colledtors. The evaluation should inclvda 
c^tdsr ptrfertnMn, p^ential tffiMivtmss, and tte impltcdtiom of usifi| the collector in virioui systern 
Configurations and for various applications. '"^ ^ ' ' " 



PATH 


HOTVi 
W1 


i/JCE 
^ATER 

m 


1 

HI 


PACEH 
H2 


EATINC 

H3 


'-A 


CI 


^ACEC 

■ 

C2, 


OOLING 




IMPORTANCf 

NO. 


6 


6 










s 


i 

.10 
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Ma^3- Evaluate th# effect of varioui design paramWers on the performance and cost effectiveness of evacuated 
collettors The parameters should include anti-reflection coatings on th^cover tube, geometry and shape of 
tube (acceptance angle, con^ntrayon, interceprtion area, etcJ, and mirror reflector characteristici* Establish at 
Idast two ttst facilities for these conectors in different climates, one wfth a hi^percentage of diimct radiatioo 
and one with a higl^percentage of diffusA radiation. At the test facilities, defj^tane loss coefficimt, radiation 
absorbing chargcteristhsf, and other primary parameters of the collectors. 
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UEb^l, Study the potential of heai pipes in various collectb^/ irtfludirig a-if^^lnd itquid-heating collectoH, 
evacuate collectors, and stationa^or rnoyable concentra^ng'colfcctors. Estimafe cost and quality control 
requirements for heat pipes used in surt collectors, and e^luate the effrfctive^ss df the thtrmic diode 
characteristics o^ heat pipes. f \ " 
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ef^t of varying conditions, cell geometriei, IR coatin^fetc, on the pefformance of thin- 
jmb flat plate coliectori. ' . f/^'*^ ^ - ^ 
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, ^ UEc^. Cont^ue I& develop materials for uit ai hon#ycomte in radiation trap coliectaai^wibilitl^ inctuda 
glisi, plastics (Mylar, Jtflon, Tedlar, Lexan, Teflpn-n^on, ^tc), and other non-glass rnateriajs (fcihenathalene 
. J polycarbonate, polyphenoltnt oxidf, TPX/pQlyfornWl^l^ntane I, spiracell, rubber^ etc.). Sti^y. tijeeffegtof 
tfitmial expansion and dtgradation on overheating and the eTtfect the index of refra^tiM on collector 

y ptrforihance. Analyze costs and tnanufSic^^^ 
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l-Ec-4. Develop the*nntostpromising'tiigh performlncfe honeycomb liquid heater to Se used with abs6rplifli|pr ' 
Rankine cycle chillis for solar cooling. . - / J^l^ 
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l^^xxmdiiction and^iatidA on natural cunvfction. Invktipieihe^efNsct of d^^ ihipe, ^reperti^, ^ 
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UE^^v^ lnv€stigate the potentitiof thermaMrap colleitors, paying particular at^ntion t6 jht ddlloi^ti^t of a 
faiUtaft coy^ pjatt dt^gn and to contrbhttf tcover ^rate dbg radatioft,' ;^ ' . * 
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Evaluate the pottntial of black liquid collectors which 
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tilted cortfl|uratons tor dally tricking, Deiigns-^hoijid alio pfWid* for reduced mtfim^ loss tltfo'ugh co^ve^ion 
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Evaluatt tracking rrifchanisnrisforOTncentr^Hng coitfCto^ ftiairec|uif# dally tricking. Consider 

cost of thedri^e rrichinismsjtliibility of thf driy#iysttnni, r#qu irirrigr)t^;for supports requirtn>ents ^ 

for pi voting fl irtd couipling c£>nn«cticns^ m«nsof fail-safit^i Incase of cb^linrloss^ and the capacity of the 
lysterrts to withstand high \vind and gustl^ads, . ' . ' - . ^ 



. T 

PATH 


sen 

HOT V 

Vfl 


/A^IW 

m 


HI 


SPACIM 
H! 


iATlNC 
H3 


/ 
/ 


C1 


^ACEC 

da 


OOtING 
C3 


C4 


iMPCRrAI^CE 

NO, 














10 
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l-M. ivaluat&thte%ct onc€lltctorp«Brformii1C€of dirtirtdottiera^u on the mirror or Fpiin^tens 

of concfentrating contcton. Eitabliih requlrernenti for rnalniaining quality in it^ rajic^rtating coH^or optical 
systems. ' , # ^ . . ^ - * ^ - n / . 
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Determina the availability of arid need for rotary or flexible com^lont between the ibsorb^r tiibe and 
the heat tranifer fluidJine in linear^acking, conteritraUng conectof^. Thrs wcludts both compourid parabolic 
ronctntration and Fresnel lens collectors. " * ^ 
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UF_7, Monitor the Diyisian of Solar Energy solar thefmal and photos^oltaic programs for design and analytical 
inforrnation/appllcable to concentrating collectors. * / 
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l-F-9 InvBstlgatt the pettntlal erf high letriper^ie, non-tradung, concentrates colW^ ^ "*ii'^'v 
lens. Thes# colltctors will have a conctritratidn raiio aflpfoximately 33«, ichwv^ltfnpefati^ d^uo to 
300^ F, and have tfficienclts over 50 peitint: Investigate cort-perfornian^^ i| 
sources for aiaBfption chillers orforprocMs hpat. Study methods for reduciiigener^lo^s, wluding^eus^^^ 
MiecHve suSs anct varioijs meaiw <jf convection suppreislon.^Malte comparfSoM M^th tracki^f^ FrtsntI 
*f ystf ms of the same aptrturt area. • ' / ' 
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Uf-tO Contin'ue lo devefop non- track ingyeoncentratirii, parabolic cotlectori with-SX cokeri^ton ralfcs. 
Considfer how designs could be modifled to reduce, mass produ;ction fosts. SMy requir^rninufacftjrji 
tolerances for coMector shape and placement, and analyze the psiNlity of redurtni erwgy \w rtfW^, 
convBCtior* supp^ssion or radiation suppressian.^ompare trackWg and nor»-trackirig parabolic concentfanng 
,sy^ms. " / * ' 
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*m, cbncentratir^, tradcijjg oollectois for spact Nating and cooling ip^c^ 




SiRVICE 
NOT JWATi» 



WO. 



. Mil 



W2 




H2 



H3 



7^ 



CI 



C4 



■ ^^ZZT'^^ to ^ hi|h, espeeally in st^ consider out 

k « ^^Sr i^*^' WaWt ^rictencypins resuItln|irom uie of selective 
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SS^£^^Sv stabH%^«^atlnfis wjdir normal^seard sagnilll, condition. 
r^Si iJ^nl*™^J^L*'"''8'*'l^' P>pe.absorteifand stydy the fabricatton com for eich of the feitufes 
considtrtd. DiWereritiate betwtert the recei^r f^irements for 10X concentrated and those for 3)( concentra- 
tors KfconifTwmd candidat* receii^or -^^concentration ratw: Perfomi tests to establish the behavior of 
prototype receivers, ^ 
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l-F-13. Investj^ate the use of advanced absorbert^chnlques and insulation forfieairri#fltionbyttit^ei^ersof 
concentwtin| coilectors, ^nalyze improvements in efficiency, costs and longevity of honeycortiK heat pipes 
selective ahrsorbers IRoufer coatings, IR riflective i^ner coatings, and black body Wps. Sfud^TF^BteS^W 
toam glasi and polymiide foam for high temperatuNBrsuiatio/i. Choose candidate receiferi for 10X and 3% 
concen^tors. Build and test the receivers, using apprdDpite. concentrators to test thei r behavior. 
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^lij^r JOX. Oinitei^ ciiWector oof^tiuct a\#le^ an^; tiid test with avaitaMt ot «ainkine 

"cjicledillteri inappfoprlated^inaiic ' , ( ' . . " . /, , " 
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UF-1 choose th^rnost cost-tfftctive tombinations of receiyirs and concentfaton wth cwictntratiori ratios 
ntar 3X, Cpn^urt collector !eits, construct, a col lector array, and test with staRdird or specially desired 
absorfxiofi or Rankfne cycle chilieis iri appropriate - 
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MC. Reflectors for ConectorAiiifneritatioii >^ , 

^C-l Studv the performance of movable and mnmovable collectors. Analyze the importance of reflectance by 
comparing diffuse and specular performanct, analyzing the effects of collector and reflector geometry, and 
studvirifl the necesiity for periodic reflector adjustment.'EstirTiate the effect of reflectance orr collector loss-ol- 
coolant tefnperatu re excursions. Study the effect of reflectance on collector performance m space heating arid, 
cooling Ipplications. Study the' use of diffusing or reradiating surfaces (e.g., white gravel) Jnd specular 
reflectofs, ^ 
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J*^#)6.NNw« «n(l;lNif fypportii^ rtrucjyr^ the wind loading on la^ iMlectors 
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dKki, wrtfte paint vv^hitt pD«(^l 
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sheet, and aluminlztd paints 



r^L**?'5i -^^^^^ ^'^ for use with dfffuit sptcular solar collecten, Study cost 
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1 1© thin ibeet metal, anodiztd or non-ari^iied alunrirfiuni, standard 
Jonvefitiona! mirrois, metallztd f\\m% polished and coaftd aluminurrH 
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l-M. Materials 
l-Ha. Seitclive Surfaces 
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l-H*-l , Conduct a program for testing failure modes and mefihanisms of selective surfaces. Expose candidate 
surtaces to UV radiation, elevated temperatures, and humidity. Determine their endurance, develop methods 
tor overcorftirig faHures, and assess ecoriornic tradeoffs. 
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UMm}. Evab^ati if^ruiwnWten for makirif fast accufitt mtajutemen^ of atao^piance and ©mittaiict^ The 
arufnentation would introduction pfDCtis qMility control and d^teitiofi^ coating* ifT^ulinttes. 

wl^r XhmwmoiCOthw^m an^tviliJate th^P^iibleussofsi^ tesliiii procidurii,in which 

t^.f^«entitiv^ temperatures and wavalengthi are u§&d. R#comrmnd quility control teitlnf standards for 
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UHa^. Evaluate selective surfaces baied on metal oKidei, including black thronne^^fck nickel, and cc 
^' ojtide. The fol bwi ng Aspects am to be considertd in the evaluation; iurface solar s^d» abiofptance^d IR 
spectrum emittance. surface stability in diffirent environmenti (humidltv, solar radial), ftntral abrasi&n). 
surface mtchanical stabi lity during multiple cycles of eKpanlion and tontractlon, and surface cost as a fynctiori 
d production fate, 
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MHa^. SiMQrt the davelopTOht of tto most pronii§ln| high performance flat plat^collt^or with selective 
abiorb^ (ara otter feiaufes as r^ii irrt) for ui© with abiorptlon or Ranklnt cVeb chilte n for solar cooling. 
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hHa^7, Evaluate vmicm paints and ottwcoatings for application to a night-sky radiative pinel Thif mclu^es 
thf charactefiaatiori of materials ihst mm high IR efnittanct andJow aliSor^ance, 
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i^ii^liiil^aii^iirtblym^rttiw materials rttistantto weatNrin|» UV.radlWten.tnJ; 

Jr^ a ^ materials must be suitable for mass-produced collector gtaiin and 



Swd thev mutt be Iw c<«idieited eeo^ studi es wilt rwc^safy). Identify eWnjproductiori 
mtiodum, ind ivaluate the producte for r«iltanci to UV radiation, abraiion, lemperattiie. 
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UHh~2. Develdp facllltier^^r testing potYmeric and dttier non-glass llazinp in the foMitmg areas: acceltrMed 
awKs ixposure to a variety of envi^mentsgdampness, cold, polKition, wind, altifMe, lalt spray, etc.), nign 
ttm^ature and UV deiadatioKr mm glazing applications with glass as the ce^r pla^, and others as 
appropriate, ( ■ ^ ' < 
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UHb.3 Determine the damage history of both glass and n6n.|lass coHector glazin|s,Jncluding hail dtniage 
•and vandalism as well as thermal stress breaks. Detefmine the signiflcance of such damage for collector / 
pefformance. ^ ' • ' ' 
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i^^^fpy^ftWtfpri^^ far i|iF»MlMfl^rtB^^ 

tf^ MiismiiiMty, iffltdihce, durabti% thickntss.^trtd itft limtotions j^ti^ glass. , * - 
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l-Hb»5. Dtttrmfnt the efftct of glasi lurfict conditiohi on coHector ptrformanca. Include an evaluation erf 
traditional glasi sutface figuring and* itch » 
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I^Hc* GUzing ^urfKi Coatinp 

'UHc^K Dtvelop durable coatings for pjasticyglazlngs. Compart the cost of applying a ddating of polymerik 
i^i^c*:^ on pvc film to the cost of bwlcjing th4. stabilizer into the polymeric materiaL * ^ 
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UHc-^ Continue development of surface etching processes for reducing renectivity on both glass and plastics, 
Dfterinine the types of glass of plastic most appropriate for this treatment, their potential for mechanical surface 
failure, the effect on them of dirt and repeated washing, and their cost effectiveness. 
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Wvetep W rtfl^iort coatlnprErhphaiize increiimg tht solir sptctrum uansminanc^ yf lite tOiHt^ 
white lAalningtht jrflection characteristics. Study the effect of IR reflection and splar trimmissiQri on col lector 
performance for both flat black ataorber and selective absorbtr lurfacts. Evaluate convehtionaUnd idvancad 
col^on with horitycomb convection suppresiion and other idvanced collector lyftems^uch as evacuated 
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UHc^S. Continue to develop semi-conductor IR reflection coatings such as tin oxide and indium ojclde. Pay 
particular attention to environmental stability, the optinnization of the level of doping«and the. coating thickneisi 
Maintain close monitoring and interfacing with solar photovoltaic.developments Involvmg these coalings. 
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. ^ in solar cdllectors. Investigate iiM«iite,ethyl«i»t«i>blvfhB^^ 

TOPjguw m^^ polyvinyl buty«|, |PDM;oiianrc ur, ^.Sofo^^W^mS^ 

. «»llecior matenals, cost of mattriaU and Inftallitloh, and tfgrablHty. ' ^ 
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fvaluate methods for controlllni breathing in solar coliecion. Candldatt technlquts are vents ^lar 
r^ntrative dtiiccanti, and prtssure relief tubes. Inytstipte the effects of uncontrolled breathing on colS^ 
!!£fL f in wrvice for many years. Complete a study of the corrosion or failure bf cover plate of 
tt^V^f - ^1 ^'^.iT^f condensation; the effect of condensed water leaking Imo insulation mattrij; the 
effect of condensed, then frozen, moistHre; and any effects of moisture on absorber surfaces 
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UHd.3. Develop a durable, high temperature,: high humidify, gJastto-metal seal that could be used' in a 
hermetically sealed collector^r service between 2S0 a^d 300'F. 
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W** Coobnts * ^ 

Uh|€-U Conducts cof^pr^hensiv^ev'ilu^tioii insearch ofasuf^rior liquid coolant for sola ^ col lie tors, Ivaluatc 
tht CDo lanis fof to^^iciff fmm pmmmo^, filing protection, heat ca^c i ty, viicalty . heat-tfansfer effective- 
ness, stability, cost, safety^ flamm^bility, t^ealingjnd corroiivenessin rnetahsuch airnjld-steeUliJminurn.ind 
Copper, Analyze thifollovvingcai^didate I iquicfsielhyJeneor propylene^gly^ol i nwater, sill con^u ids, paraffinic 
oils.hydfaulic fluids, and pressurised mj^tufe& of eihanol and water Survey/ tfi# state of th« art for heat^tranifeF 
'fluids in non-sdar areas, and investigate ways in which these eLpplicatioriS differ frorn solar applications. 
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UH€-2 . fesu^eril and^^arautf fi^e ihe prop^^iiieb and behavior of curTeritly used collector coolants^ 
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UHe-^. Compare th« ecortcmic benefits of using control systerrs a^^oid freezing and adding qheinical 
afiiifrieie or ron-water base coolants to increase collector area. 





sepviCe 

HOT VfA^lR 






^ACiCCOLlNd 






W2 


HI 


H2 


H3 


H4 


CI 


CZ 


C3 






4 




2 






B 


7 , 


7 







^He=- 5. Develop potable corfostcn i rhibltorMor u^e in hot wa^er systems. 
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UHe^6 Study air fiii^iin^ .trMtMi ^'m^ .,[-. 
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U-Hf. Insulaticn 

UHf^l »|yalujiletili probleinsof moiilureafcsQrptionand out-gashing of adhesive binders in fibrous' insulation. 
Ccntinut thi inv^tigaiior of foil facing used as an out-ga siirig. friQistur&, and radiation barrier. 
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UHf-2 . Suppc^n the deve lopnierit of CO^and ^ir-blovvn poly iJretharie foanri^ for u&e as collector insulation. 
Deterrnlne optimal void volume, thermal stabi I ity, and lifetime and irsuMtinf properties. Define methods for 
prelecting the foari agalr^M fire, 
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UHM. Survty and dociJiTifnt the |iroperti&s of known ,and candidate insulation materials, especially those ^ 
Driginally dtvtteped for non-ioiir applicltions. Th^se properties include out-iasiing, moisture absorption, 
thermal degradation/ tie. Idjpntify nevv, high perfornnance, Insulating materials suitable for use in solar . 
collectors. 
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UHf^e. Support the developr^ent of polyirnidefoarns fo^use ascolfector insulatio*^ Sludy the following aspdcti f 
of the foams: dimensional itability, flammability. cost e^fectivenesi and cost reduction, stability at evaluated 
temperatures, and the thermal conductivity/density relationship. 
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I-Hg. Abiorter Surficts 

UH|="1. Evaluate the pottntial of long-life, staWe, non-ffietallic films for use as absorber surfacts or other 
^colltctor componeiiti- Study thf probltm oi low tennperature conductivitv of these films; and consider the 
diveio^ehtof an integrate, sealed, all-plastic cplltclof module. 
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^ l-J. Tests and Standards 

♦ UpK /Recommend standards for the drmensiom of solar collectors. The stindards shoLjId facilitate collector 
packaglrig, shipping, installation, a rid ust= Review currenttoilector sizes andrTiounting characteristics. Discuss 
the value of such standards and e&limate their probable degree of acceptance 
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IL Tlierinal Storage and Heat Exchange 

OBJECTlVt 

The basic teclinpbgy musl be devetoped tor cost'effecti ve means of collecting solar heat in^collector 
arrays, tramferririg it to thermal storage, maintaining it in storage, and transferring it to the load on demand. 

EMPHASIS 

The program emphasizes the identifitatmn and development of durable and effective nriatenal lor p(ping, 
beat exchangers, thermal storage rriedia, and storage !ank$. It also stresses mathematical modeling andtestin^of 
various meam of decreasing tnstdlled costs and increasing the thermaf performance of the nianifol<)/he|t 
exchange/thermal storage system . ^ . . 

TASKS , . 

4 

il-A. Storage Sysi^m Studies 

jUA-l . Investigate the various mean^ used hi c ulWuMi^ efi^rgy trufTT a solar collettor array and transferring it to 
a stqifage medium Study methu<J^c?t fnariifolding cullecturs and running the therma I collection medium to a 
central storage poini, and examine rrethads of heat exchange with the thermal storage rnateriah For each 
approach, identify matenah and installation costi, required building space, andtherinal loss characteristics. 
Study means of Lcjmbirting or inteHrating culleition and heat exchange procesfes to reduce costs, 
■ -. ^ ^ 
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|L^3, Dtvelop nriitherTiaticaf n)Qcle|in| tecHniquei br analyiing thermal ktoragt li part of a whoie building 
Systtffi. Ennphasizc CQmpuler^assiited inklysis of solar energy systems. Develop two means for analysis; 
deCiiled irodels and simplifiedcodts, Ihb modeli will make it possible to d Biermine the effect of stratificatiDO, 
phase-chanfe, and non-eqiJilibriufn conditions on s^^nrr pcrformanci. The c^es can be used in system 
modeis. They* will be validated for articular jirrie steps and cdndjt^ons and distributed for general^use along 
vvith dcKumentation on their function. \ 
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\UA^4. Develop a theoretical rnodel for the chardctenzaJtion of incongruent phase-change^torage m^ia. This 
mDdel should identify and characterize theiphenomena of crystal! izatipn and heat transfer vvithin the fnedium. It 
should also be usefukfor characterizing long term effects such as precipitation. The model should be developed 
ic ^ useful fordetcmii ning the effect of varying the heat- transfer rate and the effect of varying the geometry of 
storage containers that use phase-change matenaL The model should be validated (or calibrated) against 
exp>enmentai data on phase-change rnaterials ' ^ ^ f 
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li A A35enH>ic f!^MiJiK, ,» t .i ,A . jn thermal ii^iigtj indteridls The handbook should be useful far 
architeufb and t^ngin^r^ It ^Uc. Jd inc D.p<jf ^te utfarrTiatian on thermal storage systems installed in buildings, 
prDbleffis with installihg rherrnal storage systerris, and theoretical and actual performance characteristics - 
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lUA^, Study thf TConomtes and technical feasibility of seasonal storage, both for winter heating and summer 
cooNng. Define \h4 relevant subsystem parameters and chmatic variables affecting cost effectiveness.* 
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IUA^7. Design; construct jnstrument, and operate ntarage ^ubsysiem^ rfecessary for improved systems. Devejop 
and valrd^e mathematjCcil simulations for these improved subsystems. Consider storfng heat and/or cold. If 
possible^ choose these storage subsystems from among those available in the denpnstraiton program. 
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IUA-10. Conduct a system analysis oi advanced th'em^ energy storagi iubsyitenns, tmphasiiing tht phyiical 
rtquirennents of virious solar energy applications. Define the significant physical paraffleters, optirnunn 
parameter ranges, and boundary conditions for the lubsysttms when t^y funclten in each of several importarit 
solar energy lystenni. Study input and output requirements for the subsyitems (phaie-c^ange materials, 
fevtrsibie chemical reactions, etc.). The results of this task will be used in selling prioriliesi for additional R^D 
activiiies. ^ / 
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lUB, Piping, Ductirtg, Heat Exchangeri 

iUB-l. [>€s/€lop a conipact, packaged, air- handling unit for^se in air-heating collector systerris. The uriit ihould 
incorpcorate the nece^^ary dampers.^CDntrnk, and arr auxiiia^ry heater and fan. 
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*.jKd^e ddrnptfr dfid Ltjfiirul sybterns for use in air 
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Develop a faiUsaft heat exchangir for use with a domestic Hot water system. The heat exchanger must 
not leak the pfimiry coolant Into tht domestic hot water system #ven when the exchanger rnalfunctlons. 
Imphasize cost effectiveness, ' * 
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^7 

ihjvestigale theeffectb of flow passage size and system layout on the ^rformance of low velocity, natural 
convectioK ^olar heating systems which utilize rock bed thermal storage and either air-healing collectors or 
direct heatir^gof fhe space or structure. Analyze the stabrllty of flow through the rock bed and the effect of turns, 
duct sizes, and obstructions on the Qverall air flow charaqtensllcs of the system. 
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Irive^UH^te iff<r ti^^ of Ji* ttoiru^t h^Mid u, liquid htd[ e^ch^nger^ fur In hqUid-hedtlng collector/ 
vvater tdnk storage Mjlar enerKV ^y^tuMns btu4]f the eft^cts of u drifter of liquids from loop to loop thraugh the heat 
exchange f 
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IUB^6. Identify low cost mattrials with t^w installation costs that are suitable for plumbirfg insulation for 
modtrati ttmperature systems that use a H^id-heating collector. 
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' IUB^7, Identify, low cost replacements for sheet. metal.ducting for air systems. 
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ll=B a Irivestigdie tfte use c^i self ^ r.nu .J ii strtf puritping circulation bystemb, -such as heat pipes, for 
trdnsferring heat betwe^fi cuile^ tor and storage iy^tem and between storage system and heat load. Identify the 
most promising heal irdii^fef int7th.udb dfid cuiiipdre their Lost effectiveness with that of standard pUmping 
bystems- 
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IkC. WattrNTank Stongi 



11-^1 . Inv^tif^ tht hfit flow chifieteriitks tef water tank tht rmal storage in a passive solar htating system. 
Coniider transfer of htat into storap during dlr#ct sun irradiation and traniftr of htat out of storage Into the 
itructure. Inv^tlpte the effect of color, surface sha;^, and form ofi subsystem performance. 
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Investigate the problems associated with thermal storage in the temperature range from 195 to 
Include the use of pressurised hot water, fluids such as paraffin Ic oils, solid materiali such as rock, and^hast- 
change materiali, Consider the thermal performance characteristics and the cost characteristicfloF storage, 
including conteiner and heat exchangers. 
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|LC"=.3 Write a hdndt>uuk fu< idi.k iht^midl siuf^ge Ihib handbook should identify the ways in which 

water has been used for th^rrridl storage, \ arioub nieans of boring water and insulating the tanks, types of liner 
for tanks, and the corrosion characieribticb uf the various appfoaches. The handbook should also identify the 
basic cost characteristics of each approdth 
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lU^, InviSiigatt the uia of multiple tanks to illow thermal storage at a number of temperature levels. 
Determine whetNr this approach is cost beneficial in v^fious system applica,tions. 
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lUC^S, Investigate the potential of non^corrodible liners for water storage tanks. These liners might be made of 
plastic, fiberglass, or other materials. Different types of liner might be used with different types of tank. 
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Investigaie itie use of uiuMr.vc.aiundl -njieiials buch as lightweight concrete composite structure, fora 
water thermal storage lank The materidi u^ed shouid be waterproof and low in thermal conductivity so as to be 
insulating It might also be capable of bt^rvu, e a btructural element of a building 
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lUC-fi, inv(iitiptt tht tfftctlventss of temperature stratification in water storage tanks. This itudy should be a 
combiMtiort ol i syiltm analyili (Id deternnirie fh# efftctivensis of stratification in a given application) and an 
analyiti o' the n^ans by which itratifi cation can be achieved, identify theoretical models suitable for predicting 
the d^ree of stratification that can be achieved and validate the models Exannine the affect of the plactmefit of 
heat exchangers and aOKillary heaters on producing and maintaining itratification. Identify tht coit charad^is- 
tics of the various means of achieving stratification. ' ' . 
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Investigate a hybrid storage system in which a water tank is surrounded by a supporting rock bed. 
Identify the heat-exchange and thermal-storage characteristics of the rocks. Propose a luitable mathematical 
model for the hybrid storage system and validate that model with test data. 
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ll Invebtigaie iiit; use ui u ufui^.i lai idbikatiuF! ineifuMJs, buth ifi factory and on site, for the 

construction of water laifk tfian^tal btorage units include aliernate=material~layer buildup, foam spray tech- 
niques, and Incorporation ui the tarsk as a structujdl elenient 



PATH 

Tmportance 

NO 



SgRVlCfc 
HOT WATER 


^ACE HEATING 




SPACE COOLING 


Wl 




M 1 




M j 


M4 


Cl 


02 


C3 


C4 


8 






d 


b 


5 


6 


5 


5 








jfpivATeR 








W1 




HI 


H2 


H3 


H4 


CI 








NO. 


TO 


10 


S 


e 


8 


8* 


B. 


■ < ■' 


t 





1^-12. Investigalt all poiiibhi methods for combating aqyeoUf corrosion ^ the various material usid for 
vAter tanks and heat ej^ch^ 
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11.^13. Ptfjgn, construct, and test water tanki with increased temperature stratification. Include the us€ of 
fijced or rnovable baffles, water flow controls/ tank shape or orientation, etc. The cost effectiveness of each 
dt§ign should be tmphastzed- 
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btik for copUng appiieations, Ri^ beds €in be used to mm cool fmn 
^ can b^ GOolM by ei^pMtiw cHillt^^ m flight, 

* the buildir^. Study pnobfems caus^ by Miter ^mwniation In tiMi nocK ' 
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infornyition with CSIRO of Auitralla on 
storage systems (commonly called rock bed regenerators in Australia). 



i' ' 

' PATH 


' SER 
HOTW 

WI 


VICE 
/ATER 

'^W4 


] 

Hi 


SPACE H 
H2 ' 


EATI|JG 
H3 


-- -* 

H4 


CI 


P>ACEC 
C2 


OOLING 

as 


• C4 


IMPORTANCE ' 
HO, 






3 


3 


1 








6 


7 



l*=D-3. Prepare a handbook on rock bed or gravel bed thermal storage s^tf ms. Identify the basic characterlitici 
of rocb commonly used in such beds, including their thermal heat capacity, density, and packing fraction. Use 
design charts to Indicatalha effect of bed len^h, air flow rate, rock size, di^ribution of rock size, etc* on trie 
heat transfer and pressure drop characteriitics of the rock bed. Discuss methods of constructing and supporting 
ipck beds, nrethods of inst alli n g ptena at the ends of the Wr, the availability of various kinds of rock, rock 
costs, problems caused by^flpn rock, and areas of the system where problemi are likely to occur, include 
several examples of typicslSR bed installations. 
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: Jki£Mk« loy^^iglii tt« pGiintiil for and dl Irtrarporitlng the e^poi^ portion ^ a hMt pump into a lock 
btoi fl^^iMl ilte^ In oMhputini inerixit the osM erf the piping that may be ntG^in^ and the 

heat taiii^ raMnil^ pipings bodi with fbroed air flow and witl^ air flow, the overall problems d 
byitAng iiieh awbiyitem. 
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Inv^tipte tht potential for utilizing rock bedf for storing he^t above 212^ F. 
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IUE« nias#*Change Storage ^ » 

. Analyse the influence of materiali charactefistics on the perfdrmance of phase^change lystems in solar 
heating applicationi. Study tfie use of phase-change ^rage with alr-heatlng rollector systinv and with liquid- 
heating collectors. IdenWy the phaie-chanp temptratui^ moit suitable for diffiirtnt qlimatic zories. Determine 
which pha^change mattrials are most suitable according to the fraction of heat to be iupplied by solar energy 
and iccording to the c^racteristics of the solar heating lystem. 
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ItNK^ .i^oiF iht mnm tbtiuiner; and the cost •teduetion nsiiMng from^ dtoii^ed i^t Mquirad for 



letii vwisui appticatiom. 
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11^3. ^ntinue tfm jnvtkiption salt hydrate phas#-change storait rhatertils. Dettrmra ^ nudeatioh 
heat^nifef and prKipitatiori characteriitiei of tHt salt Aydram. Indite me^ ns of ^MHnf tldclaatiqn arid 
prmeMing pmi^titionVThi: inidy shpuld cqnctntrate on thoia ^es si salt h^rtl^ 1 
fair solaf htiting and cooNng ap^^^ ^ ^ 
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lUE^. Invtitipti th# potential of phaie-change materials for thermal storage m passive iolar applications. 
Include an identification of the desirable temperature and heat-transfer characteristics of the phast^^hiinge 
material Consider methods of trKapsulating or containing the storage material and Indicate how these rntthods 
might be incorporated into the structure of the building to be conditioned. 
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Itadir.NildM lliiinn ^ihem in ^^pJ bfedi or^a wattr sluny ^ ^nffln*en^pulaM in m 
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iJ-E-^. iNiilipte c6st^^ffit^V€ rntthotfi for contameriiing phaia^chanp itorap materiats for tbtrmal storige^ 
sysiifm, pMtainer design^ must fatisfy h@at eicchange rtquiremnti, both from air to wattr or other fluids and 
^in tm maieriaL ^ 
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&mpare phast-change storage" materiali with the other storage materials used In several different 
m^ri mental solar heating systems. The comparison should be either a si|^-by-side test, in which the phiie- 
Chahgt borage Is iet up so that it can be used within the building, or a tSTin which the phase^changa storage 
replaces the current storage. Perform detailed tests to compare the performance of the phase-change storage 
with the conventibnal storage media. 
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ll-t-9. Investigate safety hMirds connected with the use of phast-chanie niattriili. Ihm hazarts IndMdt 
large expansion of paraffins and salt hydratri, paraffln flamnriability, etc. Suggest reliable and i^-tffertivt 
method lor cither avoiding or tllminat^^^ 
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I Chemical Storage - 

lUF-l . Cofitinue the investiption of the feasibility of heat storage using l^Ni, and mischmetol-Ni,. 
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f ^^^InWMt a itMyi fot Jfletpmitp mgial hydrides use in thefiiMl.n{age »^mis. Th^ masithydrides 

■ snould ilSolnelUOT a starch for iwbr matferialt: or means of achIe^1M^:hemicaf thermal sto^Mi, IdWitt^ 
v motomwHM^ tevea^l^hM^raa^ ^^^^ ^ . 
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"^^3./lmtiate a stareh for chemical storage mattrials wh(M inaction tempeiaturt li appropriate far the 
^^t^ ^ Rankme cycleA^apor co^preisloo cHHIers for solar cooling. A typical lemperatura might bt 400 *F 



PATH 


SERVICE 
HOTWATfB 


1 


^ACEHiATING 




pi^e eoOLiNO ^ 






W2 


HI 


H2 


^3 Hi 


1 ei ^ 






04 


IMfORTANCi 

^ NO. 












i 









ll-C« Tests and Standards 

L^'G^J Evaluate the NBS thermal storage test technique for water tank, rock bed, and pliise-chanie syitems. 
Examine the procedure, incorporate useful e^cperience and suggestions, and fecommend any necessary 
mbdifications. 
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ilL Solar Air C^^ ^ 

6biective ^ ' 

• Tht pratnl Minototy for uslr^ solar heat to cool Wildings mi«t be advanced. It wHt be "^MH^ » 
Jdentify ind peifornmice characteristics rtquirtd for a solar cwling system to be^c^ ^^J" 

vwious climatic zones. It will also be necessary to define climatic reiions y^ere heat pump systerm can be used 
for both heating and cooling, ' ' ^ 



EMPHASIS ' 

The proiram emphasizes the foHowing: , 

• System analysis of the moit effcrtive apiproachtt and confiturations ftf sotar £oolInS» w'th i 
separate analysis for each climatic zone, ■ « 

» • Optimization tasedoTT (the abdve) system ana 

a 220 to JSO'F lieat supply from thermal stora^. 

• Optimization of absorption and Rankine ehillefs for 
supplied directly from the c^lector. Cold side storage w 

• Development of cooling devices that couple well with heated 

• dpti'mi zation of absorption chil lers to operate with heat from thermal storage ^0 to 220'F). 

• Development of solar-actuatad dehumidiftcation, 

• Determination of climatic zones and operating, conditions which allow heat pump systems to be 
used for heating and cooling. 

• Determination of climatic zones and operating conditions wher^^ 
both drive an air conditioner and provide buijding heating. 

TASKS 

lll-A. System Studies for Air Conditioning and Heat Pumps 

IIUA-^l Analyze cooling and heating requirements for different climatic zones, identifying areas where a system 
designed for solar heating can be used for cooling when augmented by a heat actuafed chiller. Identify also 
thoi areas where either direct or indirect evaporttivecooling with thermal storage iseffective. For areas where 
a separate solar cooling syMem Is necessary, define collector area requirementt for a system that uses a high 
performance collector producin^nergy at temperatures between 250 and 300'(^. Also, define re^ifrementt for 
a moderate performance system that uses a high perforntiance flat pla^^^ ' 
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wttff*K ^^^Qtf^.^ dullw Alt can used with major ^mic ioiar i)^tofi aralyite 



PATH 


sen 

HOTW 


VICI 
MTiR 


HI 


^ACfH 
H2 


fATINa 
H3 


■-iP 

• 

H4 \ 


til 


C2 






IMPOftTANCi 
NO. 
















9 


t 





lll-A_3 Investigalt the j^siWlity and Implicatidns^krying the air conditidhing ii\aporator temperatufe in the 
rart^from 45 F (ihf ASHRAE standaid) te^rhjps Mo^F. Study thg overalf cost of obtaining an optimum 
ttmpenturt, ^onsi^ng dimatic zone, the^of di^ibyting cooiing in a building, and the c^ of gtnecating 
I walir. 1^ penormahce data from.ibso^on aTf&Mfwr 
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Prepare a dynamic modtl of an absorption type of cqonngWitem sutebLe for studying on-off operation 
and vartibWinput-t^mperature operatjon in a typical solar coolrngT^ttWRon. Use this modil to investlptt 
the effects of on-off operation on overall system performance, and validate the model against results obtained in 
actual §ys^ tests, 
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the utflity profile chafadeflstta of lotar cooling systems for variouMllmiflc mtm and ' 
" InMM^te mgans ^ whidi loaa profllH can be modified t^ the imr»ct on the 
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lll-A^ Identify the tradeoff between usinthot itorait an*&ld storage In solar cooling systems in locations 
where solar cooling is warranted. Identify the optimum thefmil storage characteristics for hot «sra|e consider-, 
ing the cost of solar heat, the cost of thermal storage, and the cost and COP of enwgy^conveniion. 
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ill-B. Absorption Chillers 

lll-a-l Qjllect ind disseminate information on the operation of the currently available 3-ton lithium bromide 
absorption chiller operated at tertiperatures of 180^F arid up. Discuss the effects of modifications to the chiller. 
For tht most part this information can be derived from Installatlc^ns where these chillers are used. 
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^^^^^^^f^ ^^^^nmim^mo3^iQ%fmn abfoifiliofi macWneii minfaturlzatlofi of laiit 
^ ^ m cr^tdlifiatioh, and oerftWiitd abio^Gn radllnfi fiower. The thW iiossrwiity 

r w Omepolemiil idvantigts: the economic benefit of combining two component into ont; cohsuitiptlon of 
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IIUB^3. Invfstifite the pwslblllty of using rifp||erant absopber pairs other tfian lithium bfomlde and water and 
ammonia and water in absorptiqn cMling units. 
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'"-^^ Devtlop in imnionia and witer abiorptlon chillef optimised for use with a high temperature solar heat 
supply (2S0 to 300^F).fora reiidentlal application with an air heat-r^Jection system. After settling on the design 
characteristics of such a system, have the system built and test it. In parallel with this, investipte the use of the 
system with various solar collector and storage conflguratlons in different climates^ Include an investiptlbn of 
the cost characteristics of the entire system and the overall operating lystem COP. 
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Ht-M. pewiiopA litfilum brcunide •biorption chiller opiimiwd for use yylth a solir flit plate Mll«^ri\^feiTi 
;i^U^Miini(^tibm;'m« eHlltor should havf a cipielty of about th^ toni and ihould be o^lmiied for 
iw Sifllh gw^^ appr«(lm«telv 1 95*F. peslin the machlnf for use with a Water eoc>led 
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Hi-B-6. Develop and tost absorption chillfrs that appear to satisfy thg performance and cost nqulrementt of 
vinous Cooling ^ysterns. ■ 
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lll-C. lUnWne Cycle Vapor Compression Chillers 

'||I_C-1 Inveitigate various uses of pistoH comprtssors for air^conditioners that use currently available mass 
production facilities and components. Consider the use of electric motors and htrfnetically sealed units^or even 
unite with roury seals. Inveitigate m ute of speed modulation to vary the capacity of the machine. This will 
fitnf rally Improve the net COP of the machine at reduced capacity because of decreased heat-exchanfe 
temperature drops. 
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*f P^^^l ^ lanklne cycte chlllett for use Jn soiar cooling installations that use hisb 
^^^^^^^^^^^^^IP^mMmfKtitum from 200 to Identify tradeoff between 
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' .. . '» ' ■ ■ /' . ■ ' 

'L^f ' ^"^P^'* ateorption and Rankine cycle chillers of varying size (3 tons, 100 tons, etc J*, ansldeFing 
the solar heat ene^y, the electrical energy, and other elements required for the operation of these machines 
Compare the effects of transient of^ration for both systems. Define the advantaps of the Rankine cycle units 
c^iderint the c^rating range of both types of system, the climatic zon« in which they a» e^ve and tfw 
potential oMhe Rankine unit for mixed cycle operation. Discuss reliability, cost, and performance of both 
systems. , . 

■ r , i . 
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Develop a Rankine cyclt vtpor compression chilly optimized for residential applications. Use 
information from units currently in operation. (For the most|part, these units were built with off-tht-|helf 
componerjts.) Study the potential for driving the Rankine cycle by a solar heat source with an electric motor as a 
system ^pt^ent. The motor can be powered by the solar heat source, or it can drive the vapor compression 
chiller Identig^ the most attractive system configurations that use this principle, t ^ ' 
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IIUC=5. Invtstigate the f^tential for using a 5ola| collector array as the generator or the boiler in a Rankine cycle 
system. Consider tN performance, cost, reliability, and leak^tightness requirements of the system. 
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IIUD. Evaporative and Nighl-Effect Chilltrs 

IIUD=1. Identify the radiant exchange rates that are possible tor night air exchange and nocturnal radiation, 
considering type of surface, inclination, climatic zone, and time of year. 
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active o* pabbive ^y^ten,^ to atJiu-.t^ . net cooling t^tfet i fur builJIng^ peterrnme wayb in which thernnal storage 
can augment the perturrnanie uf ^u. h .y^tems IdefUiry v hfitdteb in the U S. where milM methodb might be 
effective 
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||UD^3, identify the ptrformance characteristics of vafious means of using water spray for achieving ntt 
coolmg, fMrhti^ ai the heat re|tction comcwnent for absorption units or other chillers. Consider the use of 
ponds or iprayi from ponds to achieve net cooling effects. Determine the operating and maintenance 
characteristics of such spray systems. 
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W^D^ Prepare a handbook summarizing the results of Tasks (nocturnal radiation coding), IIUD-^2 

(evaporation and nocturnal radiation celling), and IIUD^l (water spray cooling). ( 
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IIUE^a, Idtntify th© c^rating characteriitics of desiccant chillen currently being developed, emphasizing their 
possible use on alr-htating collector solar energy systems. Discuss chiller characteristics for different collector 
types and climatic loQes, 
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IIUE=3, Develop those rrfathematical models ^of desiccant subsystem^ that are needed for system studfes. 
Validate the models by system testing. 
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IIUE=4. U^ing ^y^t^i.i .c.ulu devclwM Uc.K.d.,u .uKabk for boldf cooling and dehumidificatiori 

systems. Identify useful materialb and Uetermint and catalug their appropriate thermodynamic and physical 
properties. Th^ tuxicity of thtf desk taDb muM bt cufi5ider«J 
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IIU t b L^v.K.,. r . . . , , . ^ ...U\u^U..n^ found \n 

Task ill E-3 Thvbe pa/l^ / .i.. L.t-. [.hi u. ^ l./u . j/u, Ju(..ble, and tney mmt provide maximum air^ 
surface contact area and mirjniunr p^ eb^jre drup 
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IIU-E^e. Inv^tigatt ways in which desiccants c|n be used to produce net cooling or dehumidifying effecte in 
solar ent rgy systt ms. I^ntify the desiccant characteristics desirable for use in such systems and compare thtm 
with the charactf ristics of known desiccant combinations. Include system requirements for iir pumping, 
desiccant heat exchange, and mass ejcchange; and analyze the net effect on the overall system cOP of the 
requirement for electrical fan energy, Ijcplore any gains achieved by raising the temperature of the iolar heat, 



PATH 


SERVICE # 
HOT WATER 


^ACE HEATING 




- _ ~ 
»ACE COOLING 




W1 


VV2 


HI 


H2 


H3 


H4 


CI 


C2 


C3 


C4 


IMPORTANCE 
•NO, 


















1& 





) 



IIUE-7. Support the cQnstruction, testing, and simulation validation of the second generation desiccant sy^'ams 
that evolve from the preceding tasks. Several such systems should be built to satisfy the heating ^nd cooling 
loads of a selection of basic national climatic/solar zones 
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IIUF. Other Chillers 

IIUF^l ^ Continut tht devtlopmtnt of Nitinol engines for use in solar cooling. Identify the thermodynamic and 
engintering charactefistics of Nitinol engines. 
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||^F^2. Investigate the potential usefulness of the Vurlleumrer air conditioner. Identify its operating characteris- 
tics and indicate how tho^e chardcteribticb relate lu the production of net cooling usable in a building. Identify 
the cost characteristics of such a system 
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Ill-C; Htat Pumps n-s 

IIUC^I . Evaluatf tht relatlvf merit of using either natural or otht rwist available eltmtnts for therrrvil itorage in 
a sotar«assiited htat pump systtm, These eltmtnts might be ponds; iwimming ^ols; or the earth in, around, or 
under the bgllding. Identify tht cost characteriitics of these lystemi and any adverse effects which they might 
cause. Evaluatt the bentfits to be derived from incorporating waitewater heat recovery in a iolar»assisted heat 
pump lyitem. 
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IIUC-2, Identify tht electrical utility load characteristics of solar-assisted heat pump systems. Investigate meani 
of using thermal storage for load leveling in solar-assisted heat pump systems. List both the positive and negative 
effects of adding sottf energy and/or storage to heat pump heating systems, including benefits of using thermal 
storage on the high- and low-temperatyre sides of the heat pump system. 
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MUG i reifoffTi confi^... ^ ' • ..n,,,.^ 4.um .bindifons of heat pumps (both water source and air 
source), collectors, dnd siur<ig«4 M\ii5 U -u^ tWtm fh^ characteristics o^ the test combinations and the sensitivity 
of each combination to changes in component performanbe. Identify the potential for re-optimizatlon of heat 
pumps tor us€ with the byslems idefiiified in this !ask 
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Invtitipte varioui usas of piston comprtisors for heat pumps that uie currently ivailable miss 
pfoductiofi facilitief and compon€nti. Coniider the use of tlectric rmtors and hernietically sealed units or even 
units with rotary seals. Invtstiptt tN ust of speed modulation to vary tht capacity of the machine. This will 
lanerally Improve the net COP of the machine at reduced capacity because of decrtased heat-exchangt 
temperature drops. 



PATH ^ 


SIR' 
NOT^ 

W1 


/ATiR 


1 

HI 


IPACi H 
H2 


EATING 
H3 


H4 


CI 


SPACE C 
C2 


OOLINC 
C3 


C4 


IMPORTANCE 

NO. 






8 








8 


8 







||j_G_5^ Prepare and validate tranbieni luod^h ui hedi pufupb u^ed ir^ ^olar heat ^mp systems and evaluate 
their effect on the overall performance of the system 
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IIUG-b Ptffy.fi. a 5iJc .KJw ...H^ ' ' ' ^^^ui-J bLidi pump !iybtemb, one with an improved 

performance heai pump and un. wrih d uu/. cr Uufi J heel pijnip Analyze the performance of the two systems 
in typical cycles and ut?e thi^ infuimdiu^i. lu determine the usefulnt^b of^n improved performance heat pump In 
a variety uf clirriatic iui\e^ 
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IIL=C-7* Corr^rt solar'aisisted heat pump systems, pure solar energy systtmi, and pure heat pump systems for 
cN^mtt clliTBte, Chom# the best configuration for each climate for both residtntial and comf^rclal 
initailationi and for both new and old buildinp. Identify the ^rformance advantages d each system. Evaluate 
the performance of a solar-asiisted heat pump system optimized Vkriiferfut splar input, and evaluate the 
performance at ihe same system augmented by a small amount of solar heatlpefine the value of the solar heat 
assist for vanous ctirrat^. This will indicate whether even a small solar ener^ system (e.g., a normal domestic 
hot water system) might substantially increase total system performance. 
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Evaluate the ted^ibi' drtd merit of heat putnp bybienis in which the compressor is driven by a heat 
engine, such as a solar driven Rdnkine cycle 
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IIUC-10, system analysis rwulls to dtvelop heat pumps o^imized to work effectively in solar-asiisled 
hiiting ai^ cooling applications. Htat pumps usable in combined heating and cooling systems are required 
because of the ir cost-^ective potential. 
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IIUG-1 1 . Evaluate the potential of a solar-assisted heat pump system using a solarium or atrium as a collector. 
Rock bed thermal storage could be used, the rock bed being both the heat source for space heating during 
periods without sunshine and the heat source for the heat pump. 



PATH 


SERVICE 
HOT WATER 


SPACE HEATING 




SPACE COOLING 




W1 


W2 


HI 


H2 


H3 


H4 


CI 


C2 


C3 


C4 


IMPORTANCE 

NO. 






9 








V 









Spon^r d debtg^ LufifpeiiUuf! U/i ^^Id. a^st^icd heal purnp systems. The competition should be based 
on a standard set of weath? r and solar datd the prize being Federal funding for the construction of one or more 
RIfD system tests based on the wt fin trig dtrst^nfb) 



PA IH 

IMPORTANCE 
NO 



SERVICE 
HOT WAT EH 


SPACE HEATING 




SPAC^COOLING 


Wl 


W2 


H t 


H2 


H3 


H4 


CI 


C2y 


C3 


C4 























Identify the problem^ and 4o>i'; a la ^ j wu.t at'dhng le.-kb m bULh 6 ^/bt^iA 
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IV. Systems and Controls 

OBJECTIVE 

Tht objective of the systems and controls tasks rs the prepa ration of information on systenri options for various 
applications and climates. This information will be used to help provide direction to the overall R&D program. 
To acconripjish this objective, all of the following are necessary: ' ' 

• Data acquisition. ^ 

• Simulation modeling, analysis, and validation. 

• System tests appropnate for the development of advanced active, passive, and hybrid systems for 
both new and retrofit applications, 

/ 

• Technology for system- related controls, components, and instrumentation. 
EMPHASIS 

The program emphasizes the timely reporting ot system test data^ with cost-effective system configurations 
being identified for each path and each climatic ^one Indication will also be made of the sensitivity of each 
system, in performance and life cycle costs, to changes in design or location. The program also emphasizes the 
necessity of component interface information being provided to the suppliers of components and systems. 
Finally, a standardized basis will be developed for the optimization of system design and cost for active, passive, 
and hybrid concepts 

TASKS 

IV-^A. Integrated Active boldtt fcnctgy ^y^ieins 

IV^Af^I . Establish the capdbflity for dyndniic ttsiing al cuifeiu a.iJ future test facilitieb Dynamic testing will be 
used to determine the transient febponse chdraLteri^tics of solar energy System components and subsystems in 
various modes of operatiun 
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\\/^^2. Establish a subsystem test facility in which the collector output and building load can both be simulated 
(programme as a function of both time and observed system parameters). This facility will be used to provide 
operdting data on all-CefTiponents and subsystems except the collectors Imd the building. 
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IV_A=-3. Define a standardize method for reporting bolar heating and Louling system performance, emphasiz- 
ing the Content of such reports rather than the format. Provide for inclusion of meaningful system performance 
parameters and variables and for data on mechanical design and operating defects (such as corrosion). This will 
make loformation on the operation of the existing system more useful to praciicing engineers and researchers. 
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IV A 4 i^/t clop ...,.J i . J ii. , , ti J f . . ih*. j,=L.iU,f rtiani^c ut suldf energy systems that 

dc count?, for dll M,j£if a id t ktWK ii i* .iuf.^ ifi t)\ ihud shoulJ identify an uverall OP for both the electrical 
and soldi inptits 
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IV-A=5. Define minimum data rtquirennents for evaluating the performance of solar heated and solar cooled 
buildinp. Data required includes energy calculations and information on major operating and maintenance 
characteristics based on observation of operating systems. 
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IV-A=6. Define a standardized rdting procedure tor solar hedting and cooling systems. The procedure must 
relate total thermal output (for a defined solar input and a defined load) to the require energy input (from fans, 
pumps, auxiliary units, etci. An overall, seabonal COP might be a good approach. Test the rating system to see 
t it provides satisfactory performance and economic analyses. 
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C2 






8 


8 


8 









Make a detailed anilysis of failures in solar energy syste mi. Identify failures in past and prtsent syitems, 
methods that were used to avoid probablt failure, and methods that fnlght bt used to avoid future failures. The 
methods should be cost effective in inltiaiand o^rating costs and in the use of auxiliary ent^y units. 



PATH • 


SER' 
HOTV\ 

W1 


/ATER 
W2 


HI ' 


IPACE H 
H2 


EATING 
H3 


H4 


CI 


SPACE C 
C2 


OOLiNd 
C3 


C4 


IMPORTANCE 
NO. 


8 


8 


8 


6 


8 


8 


8 


8 


8 


@ 



IV--B. System Design Methods 

. Identify, document, and disseminate computer codes for the performance sirfiulation of lolar heating 
and solar heating and cooling systems. The codes should be of several levels of sophistication^ and one code 
should be established in the public domdln as scx^n as possible. 



PATH 

iMPORTANCE 
HO 



SERVICE 

,mot water 



Wi 

8 



8 



SPACE HEATING 



SPACE COOLING 





M3 


H4 


CI 


C2 


C3 


C4 


8 


8 


9 


8 


8 


8 


8 



.1 .lU. 



.Jt3 Mils will fcquhe defining niethuds of code 
i(>n tests, and pro. iding a cdniral place for the certification of 



vallda!ri/n , ds^enujling the Jeita /fia^ -t [hi: Vdlld 

dnalybtb luijb (tunipuief « tKle jl^uf iih.nb) L)effefrnine whethei any of the compIeK load models adequately 
predict ljuiidiifg eiiefgy l.^ad^ i*>f ^ular hediing dfid buldf hedtirig and cooling systemb 





SiHVICE 


SPACE HEATING 




SPACE COOLING 




nOT WATEH 


















\N 1 






1 id 












mPORTa? 


0 


b 


u 


a 




6 


8 


8 


8 


NO 





















W4 

9 



|V=^3. Prepare standardize data for use in computer simulation analysis. Include solar radiation and climatic 
information from several cities for representative (standard) years. This data must contain all parameters 
required by researchers (wind direction as well as speed, for example). 





SERVICE 
HOT WATER 


SPACE H 


EATING 




SPACE C 


OOLING 






Wl 


W2 


HI 


H2 


H3 


H4 


CI 


C2 


C3 


C4 


IMPORTANCE 


7 


7 


8 


7 


7 


8 


7 


7 


7 


1 


NO. ^ 



















IV-=B^4; Analyze the costs tuf instcilling, upeiaiin^ .hkJ nidintdinirig turrent solar heating and heating and 
cooling systems. Develop a statistical data base tor tfipse costs and set realistic guKlelines for them. Distribute 
the guidelines to appropridte indu^tnus dIunH witii ufiunendations for meeting the guidelines. 



























SERVTCE 


SPACE HEATING 




SPACE COOLING 


PATH 


MOT WATER 




















W 1 




Ml 






h4 




G2 


C3 


C4 


IMPORTANCE 


9 




a 


b 


B 


9 


7 


7 


7 


4 


NO 

















IV b ^) UJtMiiir^ .unHhiuj .... 1. . . ^^^i^n hcuiiM^ ^r.d heatiuH dnJ ^uulmg bysteriis. The 

procedures should be ivu.U.i ..lfJ..,d .uii.putcr prugrufri^. detailed simulation studies; and 

'^iinplitied /iiathen.udv.i nunit 1. ii .^i u^v ^^u.,nnjis .a Jdia fu- ddditiufidl dndlysis Prepare tables and maps 
for appropridte mdittrr^ on ^wLw , j,>dbiliU Kii if^.i.n.v? 



PATH 



iivir^uM I - 
NO 



lUl WA T t ' 



K L f 1 L- A 1 li iU 




SPAUfc UUOl INU 


1^ rtJ 

i 


1 |4 


U 1 






C4 


b i / 


a 


1 




/ 


8 
















Qi^«bp mnmrnty ^ti^^ml dm on ty^< 
Is fct virio^balitei. localities whm 




r iidiatiQNii^t^n be us^ in solar en^s^ 





- PATH 


SIR' 
HOTV 

W1 


mt 

W2 


■j 

HI 


H2 


fATlNC 
H3 


H4 


1 

CI ^ 


IftACiC 

ca 


OOLING 

C3 ^ 


p C4 


IMPORTANCE 

NO. 


B 


6 


B 


7 


S 




7 


7 


7 


S 



IV^B^7. Coordinatt the efforti of ERDA and other groups to accumulate and organizt sotar radiation and 
climatic data. 



PATH 


SIRVICE 
HOT WATf R 


SPACE HCATmC 




9ACE COOUNG ^ 






W2 


HI 


H2 


H3 


H4 


CI 


C3 


C3 


C4 


IMPORTANCE 


5 


S 


8 


7 


6 


B 


8 


S 


7 


2 . 



IV^B^, Develop new simulation procedures for handling structures and colltctor systeirii based on other than 
flat plate collectors (for exaniple, focusing collectors, passive buildiri^ etcj. 



PATH 


SERVICE 
HOT WATER 




SPACE HEATIfSG 




SPACE COOLIMCi 




W1 


\V3 


HI 




H2 


H3 


H4 


CI 




C2 


C3 


C4 


IMPORTANCE 

NO, 


5 


5 


3 


a 






9 


9 




8 



1V^B^9. Prepare, validate, and standardize a nnethod for separating measurements of direct and diffuse solar 
radration- The method should rnake possible the derivation of direct radiation values fmni total horizontal 
radiation readings. 



PATH 


SER 
HOT\^ 

W1 


VICE 
/ATER 

W2 


I 

HI 


SPACE H 
H2 


EATING 
H3 


H4 


CI 


SPACE C 
C2 


DOLING 

C3 


C4 


IMPORTANCE 
NO. 


6 


3 


5 


8 


3 


3 


8 


3 


3 





ERIC 



WJ-ICfc; Set a Ridirarmnter ipr computer based soliair and climatic dm, the data base should include 
ftindaw|pai 6^ and redutetl cr suitimaiy data dcrtved during other tasks. 



PAtW 


HOTV 
Wl 


mn 

lATER 
W2 


HI 


H2 


lATING 

H3 


N4 


• 

CI 


iPACEe 


OOLINC 


04 


JMPORTAIICE 
NO. 


S 


i 


S 


4 


5 


5 


5 




i 


e 



IVLM^II, O^rmine and vilidale a roethod for deriving the daily horuontal solar radiation from other 
^ eom fTioftly recorded weajher phtnoniena (cloud covtr, wind, relatl\^ humidity, etc.). The mtthod must be 
.accywb fofffiMiuremeri^ ovar e^^nded periods rather tbaa for any given day. U^tfit me^iod withidtatafr^^ 
as many stations ai possible to arrive at estimates of monthly radiation. N4€rge the corrtspondlng dtgret day 
heating and cooling data with the radiation value. Prepare maps of this inforrfiation with fine resolution 
(approximately 2D miles) for the U.S- 



PATH 


SIR 
HDTV 

Wl 


/ATiR 


HI 


H2 


EATING 

H3 


H4 


CI 


SPACE C 
C2 


OOLING 
C3 


C4 


IWPORTANOi - 
NO. 


6 


a 


6 


6 


S 


7 


z 


6 


6 


2 



|V^&^12, Determine the relative importance of diffuse and direct-beam solar radiation for various solar heating 
and solar heating and cooling applicationi. ^ 



MTH 


SER' 
HOTV 

Wl 


/ATER 

m 


HI 


^ACE H 
H2 


EATING 

H3 


H4 


CI 


IPACi C 

02 

— — — y, 


OOLING 

L - - - - 




; IMPORTANCi 

NO. 


2 


2 


2 


7 


2 


2 


7 


3^ 


2 
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•t3>^R^^ a hifidbook itentifyring the and performaqea charactlri^ics df iollir cbmeitic hi^ VA^a^^ 



V PATH 


Sf 
rtOTW 


m 


,:■ . . 1 
HI 


iPACE H 
H2 


EATING 
H3 


H4 


CI 


9ACEC 
C2 


^LINC 

C3 


C4 


IMPORTANCe 
NO. 


10 


10 



















IV-B=1 4. Rirform a s^sttm study cpmparing various methods of configuring a solar domeitic hot water heating 
system for varioui climates, uie^tterni, numbeh of^tanks, colltctor characttriitics, etc. 



PATH 


SERi 
H0TV4 

Wl 


k/|GE 
/ATIR 

W2 


1 

+H1 


H2 
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H3 


H4 


Cl 


VACEC 
C2 


QOLIMG 


C4 


IMKIRTAMCE 
NO. 

"■i 1 - - — — — 


8 


8 



















IV— H 5. Prepare a handbook identifying the cost and performance characteristics of space heating techniques 
that^are based on direct sola r heatinp of the space pr structure. 



PATH 


SERVICE 
HOT IV ATE fl 


SPACE HEATING 




SPACE QOaLIMQ 




Wl 


W2 


Hi 


H2 


H3 


' H4 


Gl 


C2 


C3 




IMPORTAMCe 
MO. 








10 
















o 
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Smg^ CiHilrallfi^ ViK^^ tiid AftNiator Co^ 

IV^i&it. imitiilt tht purehM of moni i«^istiaiffl oort l^cand adUittoniKimiori ai^tf oofitfQl actiiaton 
lor liiidefittel and srrall gomrmrelat sotar #nt^ i^ttim. Study lh€ ffadeoff betwien flrit co^i and th€ sivir^ 
muMpf h&n di %\mm oon^onen^* Dt^lop control algoritMm for heating and cooling syiwni; tht 
J algdi^Nra ihould wmA ttit tiffw of day that auxiliafy electrical mm^ l§^^^, Chedc the algorithm agairist 
^Aing ^MpMr liniulatlori prpgrarm* Irivetf pte tht posilbia use &f i^tenns ^at inticipatetht M^ct da/i 
< ^rwgy t^sAmtmn^ ami itora €Mrg)^jKoidingly* (Theie ' -s^ait' syrstefifs avoid thi coition of ptak denrund 
iMdi J Test tht iffisitivity gI tN syrii^ to itoraga %\im whWtht sykem is o^rated in the mp^ for ayeiding 
peak loads. 



PATH 


SfR' 
HOT VI 

W1 


i/ice 

^ATgR 

m 


HI 


PACE H 

i 


N3 


H4 


CI 


1 

^ACEC 

C2 


OOLINC 


C4 


IMPORTANCi 
NO. 


1 


6 


7 


3 


6 


5 


. s 


i 


B 





Sun/ey existing autonriatic lolar tracking syittms and idtntify infjcpeniivi, reliable tvpis thin can be 
cused with solar concentrators. 



PATH 


SERVICE 
HOT WATER 


^ACE HEATING 




^ACE COOLINQ 








HI 


H2 . 


HS 




Cl' 


C3 


C3 




IMPORTANCi 
NO. 














e 


B 







Identify special contrpl logic and control actuator requirtments for passive solar energy systems. 



PATH 


SER 


/ATER 


1 

HI 


IPACEH 
H2 


EATING 
H3 




CI 


PACEC 

cz 


DOLING 
C3 


C4 ■ 


IMroRTANCE. 
NO. 






6 


8 












8 



ERIC 



155' 

154 



P^-^r^N^^^r^^ (mm the sUppHe^ mi ^italhin ^ all %\zm at wolm mrmg/ tymm ^hetfier oontnols 
-'lii iiMMify for tfi^ 

Ps^^y..;„.-.^..v-^.....V...... : .. .. . . ...... 



PATH 


senvicE 

HOTWATiR 


»ACe HIATING 




1 


IPACECOOLINS 


'.' • 




m 


Ml 


H2 


H3 


H4 


G1 


C2 


C3 


€4 


HQ. 






^ 4 ; 




2 


, 1 


5 


S 


4 





IV-p. InitrumentaticRi and Daia 4cquisition 

IV-D=-1. Divtlop a low cmt InitrumenUtlcri ind data acquhition systfrTi for TONtoring tfie ni 
solir Nafed and solar tmat^i afd cmM tauilding^/TKii iyftem should emiriiasl^te tha rii^br^ni 
int^rated tntrgy colltcted by the ^lar energy lystem and the total tntrgy uied by the buildini 



brniantt ©f 



PATH 


SER^ 
HOTW 

W1 


VICE 
fl^TER 

W2 


1 

HI 


iPACI H 
H2 


fATINQ 
H3 


H4 


CI 


CI 


po^Na 


C4 


IMPORTANCE 

NO. 


3 


3 


4 


4 


, 4 


4 


4 


4 


4 


4 



iV^CU2. Investigate methods of cornpressing systems data by preprocessing. This vyIILreduce tht quantity' of ^ 
data which must W stored and provide a condensed output that will be more ea&i^4nderstood. 



PATH 


SER^ 
HOTV^ 

Wl 


/ATER 

\ 


1 

. Hi 


IP ACE H 


EATING 
^ H3 


H4 


G1 


O'ACEC 
C2 


OGLING 


.C4 


IMPORTANCE 

NO. 


3 


3 


4 


4 


4 


4 


4 


4 


4 


4 



IV«Du3, Determine instrumentation requirernentsfor the evaluation of passive solar energy systems, Instrumenf^ 
buildings as required. ' ' ' / 



PATH 


SER' 
HpT V\ 

Wl 


^ATER 


HI 


iPACi H 
H2 


EATING 
H3 


. H4 


CI 


^ACEC 
C2 


OOLING 

C3 


C4 


'^IWPd^ANCE 






S 


8 
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H6 



It of thi Ml qI 



PATH 


HOfT¥ 




1 

HI 


VACiH 

* - 

N2 


iATINS 
H3 


H4 


1 

CI 




OM.ING 


04 


mroRTAiiCE 

m. 


2 ^ 


2 


3* 


3 


3 


3 > 


3 


3 


3 


3 



JV^D^B. Dtvd^p micrcprocesser^ba^ plug^in diagnostic systems to analyze lystfiT) ^rfortunct and to 
d^tct syite^m fiiluw. TJ^diiirioitic syittms will used In Ur^* complex* solar entrgy ihstallations. 



PATH 


lERVICE 
HOT WATER 


SPACE HI ATING 


-I 


S>ACE^LINS 




W1 


m 


HI 


HI 


H3 


H4 


CI 


02 


C3 


C4 


IMPORTANCE 
NO. 






2 




1 


2 


3 


3 


3 





iKfrJt. Passlwe and-Hybrid Systems 

\ , Identify ifftctive ways to control energy flow in^p^isivt solar ^rgy systtms. Include rfigtHodyfor 

contfollini both theintateand the ngltase of lolar energy/ artl investiptt how themethods selected influence 
the tiftimg and effect! veneii of the bvtrall system, including sola reactivated devices. 



PATH 


SERj 
W1 


/ATiR 

m 




^4CeH 
H2 


m 


H4 


CI 


9>ACEC 
C2 


bOLING 
03 


C4 


IMPORTANCE 

NO. 






S 


10 












8 



Investigate and tabulate the add-on cost chafacttrijtics of the various paiii^^ solar energy systems by 
reviewi ng exiiting piislve solar energy systenn Installations and costs, using standard cbst-estinnating procedures 
for buildinp. 





SER' 
MOTH 
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HI 


M2 


m 


H4 


Cl 


S>ACEC 
C2 


OOPNG 

C3 


C4 


IMPCRT^NCE 






6 


S 
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ly^, i^ m'cani0m iinniltfian nittMs fer the meMlrfefpissliw, solar eipgy hatinf and cooHfig 
.9lliiki. ValiMft tfit modito by aMnparing thwwMrii exMiM sy^ms and te^ syttenw, Uw ^"mottels to 
fiiH^^ piWve i^Mffi Ittg cycte oe«is and peffoinMirieft dtaricteristia for dMermt cNmaflc zona. 





HOTVI 


i^ici 

rATER 

m 


1 

HI 


Ha ^ 


C&TING 
H3 


H4 


1 

CI 


9Acec 

C2 


boUNG 

C3 


C4 


IMPORTANCE 

NO. 






6 


9 












8 



IV^t^. Extifid th0 evaluation of the paiiivt roof ccllecting concepttd bttttr ctoermlne nighttime lossel 
la 4it iky by raiBattori and t© tfie tir by oDnvtction and i^aporation. Study the conctpt for difftr«ii climai^ 
arid tofrtlate the wuKi with obsarvible wtathtr pa^meleft such as dew point, dry-&jlb temperitufe, doutf 
civer^ and wirid Velocity. * / 



f 


SER^ 
HOTW 

Wi 


i/ICE 
PATER 

M2 


1 

. HI 


iPACE H 
Hi 


CATING 
H3 




i 

CI 


#ACEC 
C2 


DOLING 

C3 


C4 


IMPORTANCE 

NO. 












i 








10 



|VJ^3. Analv^e air imtion effects in various passive and fivbrld syitem configurations, Dettrmine whether or 
n^air rriotion in these systems is sufficient to satisfy customaiy comfort conditions within the building. 



PATH 


SER^ 
WI 


^ICE 


HI 


iPACE H 

m 


EATING 


H4 


1 

CI 


IP ACE C 
C2 


OCLING 
C3 


C4 


IMPORTANCE 

NO. 






4 














8 
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w ^iwifiMQ i i al^ km\l mm^ sy^ems. pmnifim iifhe^r the comfM diMC^riMa of pant^t solar 
i^Min^ mm dMIrant from pme d typtol i^rH^isiv^ buildinp. J. * ^ ^ ; 





PATH 


SERVICi 
HOT WATER 


SPACe HEATING 






VAGICOdLlNS ' 






m \ 


m 


•HI 


H2 




H4 


CI 




m 






IMPORTANCE 
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4 


i 












. e 



t\^»E-7, Devist a way to tetermint vertical surface solar data fror^ other available iolar data. 



- _ . _ - _ - . — - . 
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IT 1 - 1 
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HOTWATIR 
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-■ - . . ■ - - 

SPAC^roOLING 

f * ^1-^ 








HI H2 


H3. 


H4 


CI 








IMPO^tANCE 

NO. 






8 








- - « 




8 



IV^E^. Study appncationi of thermic diodes to typical buildings. 



.,1 



* 

PATH 


SER 
HOTV^ 

Wl 


\/\0B 
/ATER * 

VV2 


1 

HI 


SPACE H 
H2 


i ATI NO 

H3 


H4 




SPACE C 
€2 


OOLINa 

C3 




IMPORTANCE 
NO. 








8 -\ 




^ . 








8 



IV-E-9. Study applicalions of inexpensive heat pipes to passive tHJlldings. 
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SER 
HOTV^ 

W1 


^ICE 
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W2 ' 


- ( 

HI 


SPACE H 
^H2 
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H3 . 


H4. 


CI 


^ACE C 
C2 


OOLING 

C3, 


C4 


IMPORTANCE 
NO. 
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mH heattrnj by theitiio^^plwn ft^ plate iiquM^Qpllid^ 
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nir 

HOT« 

wi' 


/ice 
Vn 


Hi 


H2 


^ H3 


. N4 


. CI 








iifperrANCe ' 








, i 


[ 


• 











tV^1 1 . ixamine iht pmiUllty ^ using m\ air th^mnosiphon to heat or cool a rock bed In a passive system. 

■A 



PATH 



1^ 



^ to; 



SERVICg 
HOTWATfR 



mACe, HEATINQ 
HI Ha H3 H4 



VACiCC^JMa 

CI I.C2 m C4 



^TANCe 



i 



1^^1412. I nvettrpte heat t^Dlport fluids that e: 



on cooli.^ to prbvide the possibili^df a reverse 



i : .PATH " 
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■ W1 


iCE 


HI 


»AC% H 
H2 
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[ 


ji4 


vCI 


?ACEC 

ca 


dOLiNG 
C3 


04 


IftlPdRTAfiCE * 

NO.' 








S 















IV^E^13. Use validated simulatjons of passive ar liybrrd systemi to evaluate new building gtometfiti and to 
improve the operation of existing heating and coqKni lystemi. 





HOTW 
WI 


^ICE 
/ATER 
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SPACE H 
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EATING 


H4 




^ACEC 
C2 


OOLINC 

C3 


C4 


HM^RT^fiE 
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%^i*^^6^timine the chamclWtflo/fequirtlmwts, and ooslstJf tonventtdnal ttoHng iytteim iwHen Aty iit- 
tiHtif% synvns to provide heatir^ ahd cooling In^nous cliirwiei. - 



PATH 


HOTW 
Wl 


/ice 
rATiR 

W2 


HI 


S>ACIH 
H2 


EATING 
H3 


H4 
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CI. 


PACId 

ca 


OOLING 


• • > 


NO. 








10 
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IV-4^l i Design and construct buildinp that incorporate innovative condlptifor paiiivr t^brfd ^lar htatmg 
and^or cooling lyitemi. Monifor and evaluate building performance and thc«e the ctesigns that are most 
fe .^ihctivt ior vanous^^niatic fegions. *4 ^ . 



MTH 


SER' 
HOTVI 

Wl 


^ICE 
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W2 


HI 


iPACIH 
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H3 


H4 




PACEC 
C2 


OOLING 
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IMPOI^TANCi 
NO. 








8 








4 
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IV-^E»16. Develop architectural concepts that use passive or hybrid solar heating and/orcooHng techniquei 
\^ Select ^hniques for development from among those found most promising in prelimmAfy studied. ^ 



PATH 


SER' 
HOT» 
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/ATER 

W2 
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HI 


IPACI H 
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H3 


H4 
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CI 


7ACEC 


OOiiNG 




IMPORTANCE 
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J0A^Hikmi 9skr h^ng and ^ing iyrterov MtfiM^ p w^^ 
|f|Mm eonApirti^i diimtie loni, building (or Irad ort^&ry), £omp(^ni 

rummmU^Afjf i^Wfmm &M md performantt to changes in ly^m design. Tlwt» Aidl^ ihbuid 

^ &d)piihii«l|.n9uiftanfnfty^im^udybi 

Mudy bMtd cm tfit flnat ^^Hchted lirmJlitiOT* Ty/mtf tasks, thm, will be n^uin^, the first bn tNi initial 
Jal#id» path (IVJ-1 to and le^^ 

Tli^ fynem Midlts «vill pfDvidt all d ttw following! * ' 

• A dtfinKIm o^iyMtm rtquimmenti^ 

• A eiteiMip0rt ^ tfie pmwm\M§s ^ energy supplitd by the sun for heating and cooHng in various 
eiinnatic zones. 

- • The se^itivtty of idar load to varioui system parameten. 

w A ^OfH^iAon d( ttfe cycfe coste andsavinp for solar ener^ and conventional sysSims. 

• Summariit of all of the^ results in 'appropriate forms (ngports, charts, handbboks, etc 
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V. Noii4Sriginecring /^i^ 



OBJiCTIVe 

^ Tht oblecavfcor the non^ngio^ring ttsitt li th« analysis of tht economic, Imtltutonil, and social 
. em^liSm^fe^Skh ShJ^ill^^lini technology vjll bt «!^- Thlt IflllfS'wm 
behavior and a dSltion of the irifa«f^tturt for dellvtring solar technol^. Pro#|ding this Infomiatlon.will 
* help makt poMlble the more rapli dftv^oprnent and comn™trel^iiatlon of that ttchnoiofy, ^ , 



Tht pfc^im emphasizes the foHovvirii poinB; ■ ■ « 

• Ttie collection and dUs«fninaHon of If ^ 

.'V "T. artaHii^ E^DA actions and polici^ to determine the Impact on*e commefcializ^ of solar 
"/ ' ' ."technol^l^ , *■ v-, .^'J';; 

• Research on factori iffc«in| comumer acetptanct of solar energy s^ptems' and on r^anrof 
Increaslni that acceptBhce' ' t 



TASKS 



V-A. EcGMmic and Financijpi Analysis . 

V^rCollect. ana!^^, ad}uit ifn^mm, and distHb^ data on cpste of pi^uctte^ 
nance, depreciation, repair, and /eplacirwnt of lolaT htating and coolin| systems Compa^a^ 
m^fit^^ Cooperate with m, FPCr and ;other agencies in determmmi auxiliary energy «:os^SU^ he 

;^^lue bfhornw having solar ehergV systems; includeinteiest rat« and tasc^ paid by ownera. Identify high 

' irost items as targets for R&D efforts. 

Develop a standard method for tnalyzini life cycle cwte^ ^'^'iJ'^^'l^ !D^f^S!ndI!sS 
provide a manual based orr that rmthod. D#v#lop serrate modeli fw residenttal and comrn^^indwm 
applications; Include treatment of variable electricity rate structures and property resale values. Pre^rt 
economic analysis models that ife flftJiibli tnough to accommodate varying assumptions on Aiel price 
escalation, inflation, interest rates, etc. 

V-A^3. Develop a simplified user's version of the life cycle cost manual called ^^15".!.'' Y'^i' 
should be written for at least thrt# levels of expefjisei buildin| owner (consumer , f "SS^iic^ 

architect/engineer. Thwe-manuali Jhould enable a potential user to cagulamMe cycle ^""^f Sy . 

lystem he ireor4«derini and to compare costs wrth ^te fof st*Klafd ps, oil, or el^ sys^s.-,^ . 

Study-the on cost^ to th% consumef of various ratt "C^^wJ^r ju Ja^^^fej^^^g^ 
fuel oil, or LPG). Calculate savings to ccnsumer for systems controlled to use onl>k.^Beak electricity. wiWP , 
various pficTfii| schemes ttfme df day pricing, marginal cost pricing etc.). . • „ . , • • 

V_A^5 Collect data OH skilled man wv^r and material requbements for producflon, IrwtaHalton, maintenanW, 
and replacentenf of solar energy systems; and identic current and |»twitial nmircm ?«rBv 
requirement. Identify possible labor or -nateriils shortages that might slow the rate of id^'O" ^^f'^p^g^ 
systems. Estimate the total impact of such shortages. Compare cuffentsupplies of each with demartd, "lowing 
for competing uses of the same retogrcei. Iitlmate dir^t and indirect capital requirimentt for wtar and 
conventional energy systems, and (ndicate how these will be likely to chanp during the next ten years. 
V-A-6 Devetep modeli for evaluaiini the tfbct of varioui incanUvepoliciw on market penptration, fossil fuel 
savings, etc. Use the models to dtterwine the combinations of incintives that are moH enective. 
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incentiviH tfitf have bMn tirariM^^t^ 
:?IP bpytiwiefllisdfrewi wWclte for praductkin ifHj distribution/antf ^sdar 

' m mf rmm th mi sf^ouM be based In parf ^n^an analysli ofihe^jsi?iJjk>rf:t>rovlcM to tf^ ccjriiipetiftg eheiiy 

■ ■ aBjui—rtJi ii.iJL-i— c * 

■■ ■ ■ ' -^'--^ ■ >;v- ' ' : 

- '= - ■■ ■ ■ • V ■ •" ^ . ■ ^ ; V • 

V-B. CofifiiiMr Attitude . 

» Mendfy the ran§ideritions thit influence decin'ons to purchaia or ltai€ a selir Ineqy s^lim* Stydy the 
impomnca of flnt cost, life cycle cost, Ita^ or iMii/purehaie^icontracti, and expected Incmsei in fuel costs, 
Oelefmifie tt^ factoii tfiat particularly influeni^ home owne^, home buyen, corincto^^ and builchli^ * 

V^a^. Anatyze consunier Ireentive pn^rams, tithef actual or planned;:fo deternlW their on consume^ 
diciiioni to purchase. Evaluate the cost of such ^ograra fo'go>^rnmen^ (Federal, state, and local). D^rmlne 
whether the incentive pmgrami ht^ a pj^t^y^^ fm^jrmm Meet on die redis^butidh of ben^ts: 

\f^3. Study the purchaii of solar.heating and raoUhg syilenii in the comniercial sedtor, includini the faclori 
that goverrt purcha^ decision^. Dettrmina the My-baclc perrod r^uilad in v^ioui ifiarlceb and Jdentjfy other . 
^^S^mt ^^^ UK r^ulationi. 0^d^ £^^^^ in ^diM«i^^ 

dures that vvQtiid encour^ life cyde citing In ' ■ ; ' " ' / - 

V-'B-4/Evaluate consumer attitudes to passive direct lolarane^ iyst<m$, ln€tyding devices ihit^uire gcth^ 
interventiDn by the resident (moving Insulating panels at nj|t)t, |tc4 A^i, ttniufife^ aece^ 
temperatu^^inp. Compare consumer attitudes iri this area vyitH consurntr reaction to other enetf y conservi- 
Jionim^lurts. . ^- _ -" -^ ' • 

V-#-5. Synthesize Information on envirohniental parameters ^at affect human comfort^,g«, IR flux— and 
present It in a useful form. The information will be r^uired for the design of structures that employ passive 
heating and cooling techniques. The Information should include data on the comfort provided by cooling and 
air movement without dehumidification. 



V-C* Marketing, Architecture, and Cofistr^^ . 

^^-^ ' Synthesize information on^building induitR^ experit^e vvith data on technology transfer, commercrali- 
zation, and market diffusion. Identify factors that have slowed or preventtd buildrng technology Innovationi as 
well as factors .that have accelerated the ado^ioh 0 ^ ' , i ' / ^ , 

V^J. Etefine promising markets and marketing techrfiques for lolar enefgy systems for buildings. Gompare 
^ centralized man production with loc^l production and attermme if economies of scale are likely . Conhpafe the 
4^ do-it-yourseJf and turfhkey markets mi recommend R^D priorities. - --—^--^-^--^^^ 

[>evelop models of alternative ownership arrangements for solar heating and cooling systems (such ai 
co-ops, municipalities, or corporations). Asiess the economici of luch arrangements, especially the cost of 
delivered energy to the coniumfr. Investigate the regulatory and legal (especially anti-trust) aspects of such 
arrangerrienti, 

V--C«4. Sponsor competitions for the design of passive solar energy systems and for the integration of active 
systems into building structures. Competitions should be held for a variety of climates and building types, 
'including lingle and multi-family residences, schools, and commercial |and office buildings. Publish the 
winning designs. H 

V^5. Hold meetings for distributing information to producers and distributors of solar energy and other HVAC 
equipment, archittcts, and contractors. iKamine the possibility of establishing centers for distributing this 
information. 

^^^^^ Prepare background material for defining performance rating and warranty criteria for solar heating and 
cooling equipment. Evaluate public and private methodi for providing protection to users and determine the 
effects of such methodi on the industry. 

Investigate the relationship and tradeoffs between solar energy systems and energy conservation 
ptaateet. Determine how changes in the energy consen^ation features of buildihp will affect energy system 
design, cost, markitability, etc. 
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V-C^a Dittrmlne the proper role d ERDA/DSE and other Federal afwcleijfn advancing ihrfii#etability and 
oomm«cl»l ufc o* solar eMffy syttems. Evaluate the past efforts the Fedferal Govemtnent in this (ei., 
PiojeetBr^kthrough), ^ . 

V^n^l Pf^fct *e ii^ct of solar entriy syitemt on eiretric utility load curvet. Make tvalwtiMS vv^th arid 
without on tht time of day that the auxiliary merwy is used. Ass^s Ae impact on distPlbutiorl lystemf of 

peak iMd CondHions In a hiihiy solar ramm ' ' , 

V»Du2 Detetmine the effect of various rate ichedulei (Including time of day pricing) on the axGOUn^ af utilities 
customers, both those having solar ene^ iyttems and those without such iyittms. Evaluate the imMCtpT utility 
rate structure (nfiarginal cost, a^al cost, two-part tariff, etc.) on market penetration, - 
V^D-3 Exarnina the l^lity of ownenhip by utilities of lolaf . energy heating and cooling equtpm«rit. Ificluite 
the qufstion pf exclusive franchise/ Survey the policits and trends in poHcy (rf state utiljty re^Iatory 
commisiions. ; . 

V^D^ Assets the effect on utility accounts of ownOThip by the utilities of lolarenergy equipment Jliscuss tN 
option of thfe atllity Inchidlnglhe solar eqijipment in its rate tase Estamin^^vartjut depf^iatefl^M^ 
the ftasibility of climate rnaintinancrfmgreem 

V^DtS Investigate po^ble incehtives fpr ytility rrivolvement; Induding utility ownership pi %ow wergy 
equipmem^Cont IcN r^ije cost to governments of incentive programs (for examplp^nhrouih tost^tx revenue), and 
the ^pbiblt irripact^^ 

W^ixi. ixamine the desirability of home controlled, auxiliary storage of domettic beated/cooletf water, and 
compare i^ advantages with utility controlled storage, Analyie the impact of interruptiblt.power cortractspn 
market penetration . ^ ^ , 

V*i/ Lefil^ R^ulatciry; and : v . 

V-E^l Detfrniint whfether the uses proposed for solar energy systems conflict with standard building, healh, ' 
and safety codes Consult with building inspector if code interpretations become necessary. Where conflicts 
exist, suMeit^coda modifications that albw the systems to be used while protecting builders and consurtitrs. 
Consider both active and passive systems anc^various auxiliiO^ energy 'lources. , ^ 

VLi^2.^nal>^^t^ doctrine ^ regulate monopoly and eqiial protection arguments as they ^r^ain to utility 
rate structiy^ for iolar and non-solar Gonsumere of energy^ 

V-E^3. Develop a m^el definition of theterm ^^lolar^' for use in legtiftition RQrtainin||p the applici^|f solar- 
energy in buildings. The definition mUst^prbvide for passive energy sygtenfls and other innovative apprQacries.. 
V^E^4. Prepare model laws W ihe allocation of lun I^W^lMde opfiWs^ allocation by first use imi in 
western water law) and for purchase of adjf cprt di^Of^^lighte^ " ^ , . 

V=i-5 Investigate Federal ahti-trust laws for their irnpact^on ^ar energy applications. Eraphaii^e potentiat 
problem area#ncluding the follq^ng: typing agreements .(a utility leasing solar equipment only to lho%| v^ho 
use it as a backLip system), joir^esearch by TOrporationS on solar equipment, restraint of trade, resale 
restriction^, refusal tdHeal, and requirement contracts/ ; 

V=E-6 Analyse the impact of land use planning on sdlar energy development. Determine wfAher Fediral 
legislation regarding plann^'unil development is desirable. Study zoning requirements for setbacks, landscap- 
ing, height limitations, etc, - ^ 

V-^F. Educatiori and Training 

V-F^1. Develop a comprehensive vocational training prograrh, including seminars fot training instructDfi and 
pre^ring courts. Various'successful teaching techniques^hould be examined. Thecfaurses offered ihou Id 
direct«J to craftsmen, building inspectors, etc ; and they should be given at existing schools or by e?(i^ting trade 
associations whenever possible. 

V^F^2. Evaluate current progfams for training architecft^ndHVAC engineers. Prepare resource Wtftrial forth© 
programs/ including data on active and passive systems and on new and retrofit situations, . . 
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V-G« ^lal and Environmentiil Considerations 

V-^l . Investlgatt ind r^tonal planning practices for their impact on solar energy heating and cooling. 
Dafirii requiftn^riti for iptcial ipning or limitations on developnnerit, 

^-^2- Evaluate rannmynity attitijdei tOM^ard solar tnergy installations, placing emphisis on design aesthetics, 
impict on land values, and influences on future development of neighborhoods. 

^-^3. Collect infarmat ion on materials and components under developnnentinthe heating and cooling R&D 
prograr^. Determine whether problenii exist in the areas of environmental impact and^cupallonal and 
consynner haiardi. Re^rt the existence of such problems to administrators of the R&D program and help to 
solve the problfrni where possible. 



APPESIDIX C 
Importance Numbers for Solar Heating 
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iMPORTANCi NUMBERS FOR THIRMAL STORAGE AND HEAT TRANSFER TASKS 
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TABLE C-3 ' 

IMPORTANCE NU^iRSFOR AIR CONDITIONING AND HEAT PUMP TASKS 
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IMPORTANCE NUMBERS FOR SYSTEM STUDY TASKS 
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APPENDIX P J 
Priorities for ^Noii-Engmeeriifg tarfts 



The followtng table gives the imFrartanqe of non-en;gin#irlr^tesks»j™ . 
systen used for the engjrtMring tasks is rrof uaetf hf re. Instead,toks are sirt^ given * 
a high, jnecHum, or low priority. In all casesi prlorky indlcatts lmi^^ance.df i ta*^ tof ■ 
the fotatR&Dprograrri. , " ; * I •» " 
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PRiORITii PQR NOBkENQINiERING TASKS 



Eeonomie and Fmir^tat Analysis 



OonAfmtr Attititidei and Behavior 



C.^Markatmg, Archit^turj, 
and Conitruction 



TASK 



1 . Bmmml^ Data 
' 2. Cost Analysis ^ ^ 

3. Layman'i Costing Manuil 

4. RitlSdi^l#^m t 

6. In§tntlvf rii^iiminT MMtlng ^^^^'^ 
"7. Ineintlvfli wConventldnt^tlin^ Sobrees 




1/ Rtsidantial I 
2. IneantTve Pre 

Commarcial Dteisidi^ ^0^n 
4* Attitydti Toward Pa^^ Symms 
5, Comfort PiMitttrs 
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1. ix^periirm In Indtittry 

2, Promiil^ Marktti ' 
^ 3. AttarMtive OviffltfMp : ' 
^ 4, DasigM Compttitions ' " 

|6. fnfortnitlonMif tings 

6, Pgrforman^ Wirrintias ^ 

7. Salir-CQn^ifvitlon Trad^ffi 
S.tRDAMarkitirAnole 



E. Legal, Regulatdrv. and ^; 
^Legiilftjve Cortsideraiions 



F. Educatjpn ipd Criming 



Social and EnvifDn mental 
Considerations 



^ 1 . Lo^CufVii 

3. la^jty of Utrlrty OWnt rship ! 
4^ icshwi^iof UtUity Ownirihtp 
i> Incentivsi to UtiritifS " 
6, Qyfptfship of AyitHiary itoraga 



Codti and Standf 
Ligiiity of Rati iltructurii 
^ifmitjon of '*Solar-' 
Sun Rights ^ 
Afiti Trust Ligislatlon. \^ ^ 
dtirmpatftof Land Ust Planning 
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1 . Vaeational Trafning Progi^am ^* 

2. Profiiiionil Risaurct Mmf'^al 
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i^ttitudit and Aesihftics 
3. Ha2jrdl ' 
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